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INTRODUCTION 

If  a  number  of  experienced  otologists  were  asked  to 
express  the  value  they  attach  to  the  various  signs 
and  sym])toms  by  means  of  which  the  diagnosis  of 
otosclerosis  is  made,  there  would  probably  be  found  to 
be  wide  divergences  of  opinion.  And  yet,  if  these  same 
observci  ^  were  asked  to  make  a  clinical  diagnosis  of  a 
large  number  of  cases  of  deafness,  I  venture  to  think 
that  there  would  be  remarkable  agreement  in  respect 
to  the  cases  which  they  would  class  under  the  term 
otosclerosis.  I  would  even  go  further  than  this,  and 
am  strongly  of  the  opinion  that  were  these  cases  made 
the  subject  of  pa.^hological  examinction,  it  would  be 
found  that  the  diagnosis  in  the  great  majority  of  cases 
would  be  correct. 

The  reason  for  this  is  probably  the  fact  that,  con- 
sciously or  unconsciously,  the  experienced  otologist  will 
not  allow  his  judgment  to  be  swayed  by  the  presence 
or  absence  of  any  one  special  symptom,  because  he 
knows  that  its  significance  may  be  ambiguous.  His 
diagnosis  rests  on  the  clinical  picture  which  the  case 
presents  from  its  mode  and  age  of  onset,  its  history, 
the  family  history,  the  appearance  of  the  drumhead, 
the  absence  of  signs  or  sympto.ns  indicating  involvement 
of  the  functions  of  equiHbration,  the  tests  for  hearing, 
the  diminished  sensitiveness  of  the  skin  of  the  external 
meatus  and  drumhead,  the  effects  of  inflation,  etc.     But 
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on  no  single  one  of  these  signs  and  symptoms  would 
the  experienced  otologist  place  much  reliance.  The  only 
condi  ->n  that  leads  to  a  common  error  in  diagnosis 
is  the  evidence  of  present  and,  still  more  often,  of  past 
suppurative  middle  car  disease.  It  is  a  curious  fact 
that  it  is  very  rare  to  hear  of  a  diagnosis  of  otosclerosis 
in  a  case  in  which  there  is  a  perforation  of  the  membrane 
and  other  evidence  of  suppurative  middle  ear  disease. 
Apparently  the  mind  of  the  aurist  is  satisfied  that  the 
visible  changes  are  su^cient  to  account  for  the  symptoms. 
This,  at  any  rate,  I  may  frankly  state  is  the  error  I  most 
frequently  made  uuiil  I  made  a  more  careful  study  of 
the  disease.  Then  I  found  that  the  combination  of  the 
two  conditions  was  by  no  means  uncommon. 

The  difficulties  associated  with  the  otosclerosis  pro- 
blem, therefore,  arc  not  so  much  those  of  symptomatology 
and  diagnosis,  but  rather  t'  -.se  of  its  pathogenesis,  its 
pathology  and  biological  signihcance,  and  its  treatment. 
It  is-  for  this  reason  that  in  this  work  I  have  directed 
attention  rather  to  the  latter  aspects  of  the  question 
thaii  to  those  of  diagnosis  and  soineiology.  The  con- 
clusions I  have  drawn  from  the  consideration  of  the 
clinical  features  of  the  disease,  the  pathological  anatomy, 
and  the  hereditary  element  present  in  many  cases 
inevitably  lead  to  the  subject  of  the  nomenclature  of 
the  disease.  The  word  otosclerosis  is  too  obviously  a 
misnomer.  For  reasons  given  in  the  text  I  have  ventured 
to  suggest  the  term  Idiopathic  Degenerative  Deafness. 

All  the  photographs  and  photomicrographs  have  been 
taken  by  myself,  and  I  have  not  allowed  any  "  touching 
up  "  in  the  prints.  When  flaws  have  been  present  in  the 
sections,   I  hav     iHowed  them  to  appear  in  the  photo- 
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graphs.  T'his  no  doubt  dimin  hes  the  artistic  appear- 
ance of  the  iUustratioiJ'  but  t  is  most  important  from 
the  reader's  point  of  vie\.  that  he  should  not  be  de- 
liberately misled  in  his  conception  of  the  patholo;     al 

facts. 

The  pathological  research  was  carried  out  by  myself 
in  the  pathological  laboratory  of  the  Victoria  Infirmary, 

Glasgow. 

Alb.'RT  a    Gray. 

May  i^lh,  1917- 
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CHAPTER  I 

A0£  AND  SEX 

It  is  universally  accepted  by  auiists  that  otosclerosis 
first  manifests  itself  most  commonly  between  the 
twentieth  ai.d  the  fmieth  year.  My  own  investigaMons 
fully  corroborate  this,  and  indeed  I  have  found  that  the 
lirst  mcidence  of  the  disease  is  most  common  between  th*> 
ages  of  twenty  and  thirty.  My  statistics  rev.-al  a  rather 
larger  perceuta.!;e  of  cases  arising  between  the  ages  of  ten 
and  twenty  thun  do  those  of  some  others,  e.g.  Hartmann,' 
and  although  t.ie  disease  i=  very  rare  before  the  age  of 
ten  considering  the  large  proportion  of  the  population 
aUve  Huring  that  lirst  decade,  still  cases  do  occasionally 
occur  then,  as  may  be  seen  from  the  accompanying 
table.  In  this  connection  it  is  interesting  to  note  th  •' 
judging  from  my  own  experience,  cases  of  otosclerosis 
arising  in  childhood  are  generally  found  to  occur  where 
there  is  the  chance  combination  of  two  factors—a  marked 
•nherited  tendency  to  otosclerosis  associated  with  sup- 
purative raiddle-car  disease. 

'  llaitinann,  Veh    I.  KmiLhrnt  lixatioii  rf.  SieiebUget   s    .1  ■  j  I    V 
Uergmaii,  1898).  »     »    •        11  u-  f- 


•--  ,Vl»ja**.  k 


OTOSCLEROSIS 


•I 


TABI,E  I 

Showing  Incidence  of  Otosclerosis  in  Regard  to  Age  and  Sex 


Age         . 

o-io. 

lO-iO. 

20-30. 

30-40. 

40-50. 

50-60. 

Over  60. 

Male    . 
Female 

2 

4 

6 

i8 

9 
30 

3 

12 

2 
4 

4 
I 

0 
0 

Total   . 

6 

24 

39 

15 

6 

5 

0 

In  studying  the  accompanying  table,  the  reader  must 
remember  the  very  important  fact  that  the  total  popu- 
lation in  any  given  decade  is  considerably  less  than 
that  of  the  preceding  decade,  and  greater  than  that  of 
the  succeeding  one. 

Thus  the  six  cases  of  otosclerosis  originating  m  the 
decade  o-io  is  a  very  smaU  percentage  of  the  total 
number  Uving  in  that  decade,  as  compared  with  the 
six  cases  originating  in  the  deca-ie  40-50. 

Similarly,  the  ritio  24  :  39.  i"  t'^^  ^^<^°"'^  ^"'^  ^^^^'^ 
decades  respectively,  does  not  give  a  correct  relationship 
to  the  actual  number  of  the  population  Uving.  When 
corrected  it  would  be  found  that  the  interval  in  the 
ratio  would  be  considerably  greater  even  than  it  appears. 
On  the  other  hand,  the  drop  in  the  frequency  of  the 
incidence  of  the  disease  between  the  uecades  30-40 
and  40-50  is  not  really  so  great  as  the  ratio  15  :  6  would 
seem  to  indicate. 

For  a  totally  ditterent  reason  there  is  probably  an 
error  in  the  ratio  6  :  5  between  the  decades  40-50  and 
50-00  respectively.  We  would  expect  the  interval  in 
the  ratio  to  be  more  than  that,  and  it  is  probable  that 
an  error  is  present  in  this  case,  because  the  numbers 
upon  which  to  attempt  to  base  a  numerical  relationship 

;i-     loo  small.  ,     /  iu 

^x.-As  regards  sex  it  will  be  seen  that  out  of  the 
mnety-live  cases,  twenty-six  occurred  in  men  and  sixty- 
nine  m  wumen.    This  indicates  a  ccmHiderably  lugher 
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incidence  i'-'  womer  than  most  previous  investigators 
have  found.  It  is  possible  that  an  error  may  be  present 
in  my  own  ligurcs  owing  to  the  number  available,  ninety- 
five,  being  too  small  for  statistical  purposes.  On  the 
other  hand,  the  statistics  of  some  of  the  earlier  inves- 
tigators, such  as  Bezold  and  Hartmann,  may  perhaps 
have  been  vitiated  by  an  over-stringency  in  the  diagnosis 
of  the  disease,  which  more  recent  observation  has 
sliown  to  be  unjustifiable.  In  other  Afords,  the  calier 
investigators  were  making  a  diagnosis,  not  of  otosclerosis, 
but  of  fixation  of  the  stapes 

As  regards  the  relative  sex  incidence  in  the  different 
decades,  a  very  interesting  fact  is  revealed  in  Table  I. 
Taking  the  decades  in  their  age  order  and  reducing  the 
figures  in  such  a  way  that  the  male  incidence  is  repre- 
sented by  unity  througliout,  while  the  numbers  repre- 
sented by  the  female  incidence  is  variable,  we  get  the 
following  ratios  in  the  difterent  decades  respectively  ; 

1:2,  1:3,  I  :  3-2,  1:4,  1:2,  I  ;o-25. 

From  this  we  see  that  in  all  the  four  earlier  decades  of 
life  not  only  is  the  frequency  of  "osclerosis  greater  in 
women  than  in  men,  but  that  tl'<  latio  of  its  frequency 
in  women  undergoes  an  increase.  In  the  fifth  decade, 
although  the  actual  frequency  of  the  disease  is  greater 
in  women,  yet  the  ratio  luidorgoes  a  sudden  drop. 
Finally,  in  the  si.xth  decade,  the  ratio  between  the  t*vo 
sexes  actually  becomes  reversed,  and  men  ^^cgin  to 
suffer  more  frequently  than  women.  It  must,  however, 
be  pointed  out  that  in  regard  to  the  lifth  and  sixth 
decades,  the  numbers  available  in  the  table  are  very 
small,  and  too  nmch  importance  must  not  be  attached 
to  them.  They  indicate,  however,  a  line  for  future 
research. 

In  general   these  figures   agree   with    those   of   other 
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investigators,  and  they  show  that  between  the  ages 
of  ten  and  twenty  changes  take  place  in  the  body 
which  increasing^  determine  the  occurrence  of  oto- 
sclerosis. These  changes  become  still  more  pronounced 
between  the  ages  of  20  and  30,  after  which  they 
appear  to  diminish.  It  is  very  improbable  that  only 
one  specific  change  is  the  immediate  cause  of  the 
incidence  of  otosclerosis.  The  occurrence  of  puberty, 
the  ct  sation  of  growth,  the  completion  of  the  processes 
of  ossification,  and  of  the  development  of  the  nervous 
system  may  all  play  their  part  in  various  degrees  in 
different  cases  as  causative  factors. 

It  must  again  be  pointed  out  that  the  numbers 
given  above  are  not  very  large,  and  therefore  some 
allowance  for  errors  must  be  made.  The  subject  is  an 
interesting  one,  and  with  larger  numbers  could  be  made 
a  special  and  valuable  line  of  investigation,  provided 
reasonable  care  was  exercised  in  the  selection  of  cases 
so  that  only  those  of  true  otosclerosis  were  included. 
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CHAPTER   II 

HEREDITY  AS  A  FACTOR  IN  THE  OCCURRENCE  OF 
OTOSCLEROSIS 

The  influence  of  heredity  in  the  causation  of  deafness 
has  now  been  recognised  among  aurists  for  very  many 
years,  and  it  is  highly  probable  that  long  before  otology 
as  a  branch  of  medical  science  had  come  into  existence, 
some  knowledge  of  such  a  relationship  was  common  even 
among  the  laity. 

When  the  study  of  ear  affections  was  more  deftnitely 
undertaken,  the  inlluencc  of  heredity  was  n  >ised. 
Fu  .her,  the  fact  was  supposed  to  be  clearly  dt  \on- 
strated  that  the  relationship  existed  only  between 
heredity  and  that  form  of  deafness  which  is  not  charac- 
terised by  discharge  in  the  middle  car  or  by  the  patho- 
logical changes  which  resulted  from  such  conditions. 
In  other  words,  it  was  only  among  cases  of  the  affection 
known  as  "dry  catarrh"  that' heredity  was  admitted 
to  be  a  factor  in  the  condition.  Such  a  belief  is  widely 
held  to-day,  but,  as  will  be  shown  later,  there  is  every 
reason  to  think  that  this  rigid  view  must  be  abandoned. 

With  the  gradually  increasing  knowledge  of  the 
anatomical  changes  which  are  associated  with  deafness 
it  became  clear  that  the  term  "  dry  catarrh  "  was  unfor- 
tunate, and  included  several  dilftrent  pathological 
conditions.  A  complete  knowU'tlge  of  the  rjiangcs  which 
occur  in  these  cases  is  not  yet  in  sight,  but  sullicient 
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advance  has  been  made  to  show  that,  in  a  considerable 
proportion  of  them  at  least,  the  changes  take  place  not 
only  in  the  middle  ear  (and  in  many  cases  not  in  that 
cavity  at  all),  but  more  particularly  in  the  bony  capsule 
of  the  labyrinth.  Sometimes  associated  with  these  are 
found  changes  in  the  membranous  structures  of  the 
lab3mnth  and  in  the  auditory  nerve.  These  cases  now 
fall  under  the  category  of  otosclerosis. 

It  is  curious  to  observe  that  while  considerable  interest 
was  taken  in  the  pathological  changes,  the  relationship 
which  was  known  to  exist   between  heredity  and  oto- 
sclerosis excited  little  further  remark.     With  the  excep- 
tions to  be  noted  later,  the  only  woiks  oi  reference  I 
can  find  on  this  subject  relate  to  the  percentages  of 
cases  which  are  inherited  compared  with  those  which 
are  not.     Now,  it  will  be  shown  that  any  such  aitempts 
to  draw   a   distinct   line  between  cases  of  otosclerosis 
which  are  due  to  inherited  tendency  and  those  which 
are  not,  are  doomed  to  failure.     I,  myself,  have  recently 
tried  to  estimate  these  percentages  in  my  own  cases, 
but  when  the  family  and  personal  histories  came  to  be 
investigated  carefully,  it  became  quite  evident  that  no 
sharp  line  could  be  drawn  between   the   two.     In  oto- 
sclerosis we  can  only  speak  of  inheritance  being  present 
in  greater  or  less  degree.     This  important  aspect  of  the 
question  will  be  referred  to  again  after  the  cases  have 
been  described  in  detail. 

Reference  has  just  been  made  to  the  comparative 
absence  of  investigation  in  regard  to  the  relationship 
between  heredity  and  otosclerosis,  luxceptions  to  this 
statement  nnist  be  admitted  in  the  cast-  of  certain 
otologists  in  recent  times,  and  tluir  work  will  be  quoted 
in  the  following  i)ages.  Speaking  generally,  however, 
there  has  been  little  accurate  investigalioii,  and  this  is 
probably  duo  to  the  followuig  causes.     First,  the  untor- 
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tunate  dominance  that  the  study  of  bacteriology  gained 
over  pathology  in  its  larger  meaning.    The  micro-organ- 
ism and  its  products  were  studied  with  the  utmost  zeal, 
while,  with  the  exception  of  the  leucocytes,  the  response 
which  the  living  elements  of  the  body  made  to  the 
bacteria  and  their  poisons  as  well  as  to  other  injurious 
agents  was  for  the  most  part  neglected.     The  inevitable 
result  followed.    The  cUnical  facts  of  the  disease  ob- 
served by  the  physician  and  surgeon  did  not  fall  into  the 
cut-and-dried   categories   which    the    bacteriologist    had 
provided  for  them.    Hence  it  came  about  that,  in  respect 
to   diseases   in   general   and   among   them   otosclerosis, 
the  study  of  heredity  as  well  as  several  other  important 
subjects  was  somewhat  neglected.     Another  factor  which 
deflected  the  attention  of  otologists  to  a  large  extent 
frr-n  the  c^.  sidcration  of  heredity  and  other  matters 
in  relation   to  the  ear,   was  the  phenomenal  outburst 
of  surgical  activity.    This  activity  was,  of  course,  highly 
beneficial  on  account  of  the  valuable  practical  advances 
which  resulted  from  it.     At  the  same  time  it  drew  away 
much    attention    from    the    study    of    non-suppurative 
diseases  of  the  ear,  and  it  has  left  arrears  which  the 
present  and  future  generations  of  otologists  will  have 
to  fill  up. 

But  there  is  another  factor  in  special  reference  to  the 
effect  of   hereditary  intluence  in  otosc'  /hich  no 

doubt  has  deterred  many  from  making  natter  the 

subject  of  investigation.  This  is  the  difficulty  of  obtain- 
ing data.  Those  who  have  attempted  to  investigate 
the  subject  will  understand  well  what  is  meant.  Those 
who  have  not  made  any  such  attempt  might  be  well 
advised  to  try  to  ascertain  the  family  history  of  deafness 
in  some  of  their  patients,  and  tliey  will  be  surprised 
to  find  how  little  the  human  subject  knows  of  the  troubles 
which   atllictcd  his  ancestors   or  still  afflict   his   living 
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relatives.     There  is  usually  no  difficulty  in  finding  out 
whether  the  brothers,  sisters,  or  parents  of  a  given  patient 
suffer  from  deafness,  but  as  regards  even  first  cousins 
very  often  no  information  can  be  gained.     Concerning 
uncles  and  aunts  information  can  sometimes  be  obtained 
in  respect  to  the  presence  or  absence  of  deafness,  and 
not  infrequently  the  same  is  true  of  grandparents.    Only 
rarely    is    information    forthcoming    concerning   grand- 
uncles  or  grand-aunts.     These  remarks  apply  even  to 
the  case  of  patients  wJmi  are  anxious  to  give  real  informa- 
tion concerning  the  condition  of  the  hearing  of  their 
relatives  and  ancestors.     But  there  still  remain  other 
cases  in  which   the  difficulty  is  increased  by  the  pious 
self-deception  of  the  patients   themselves.      It   appears 
to  be  an  article  of  faith  with  some  individuals  that  no 
quaUties  are  inherited  in   their  own   particular  family 
except  those  which  are  desirable.     Should   any  reader 
therefore  desire  to  make  an  investigation  such  as  the 
present,  he  must  never  accept  the  patient's  statement 
that  there  is  no  deafness  in  the  family.     1  he  only  way 
to  get  even  approximately  accurate  data  is  to  obtain 
the  family  tree,  so  far  as  the  patient  can  supply  it,  and 
then  make  inquiries  concerning  each  member  separately. 
Educated  people,  particularly  scientific  and  medical  men, 
usually  look  upon  these  matters  in  a  rational  way,  and 
their  statements  are   consequently   more   rehable   than 
those  of  less  e'^'icated  individuals. 

Among  those  who  in  recent  times  have  interested 
themselves  in  the  relationship  between  heredity  and 
otosclerosis,  Korner  and  Hammerschlag  have  taken 
especial  trouble  in  tracing  out  the  family  histories  of 
several  of  their  patients,  and  their  work  will  be  referred 
to  later  in  greater  detail. 

The  method  employed  in  this  book  is,  first  of  all  to 
give,  so  far  as  is  known,  the  family  tree  of  the  patient 


M. 


HEREDITY   AS  A  FACTOR 


or  patients,  those  who  are  or  were  deaf  being  printed 
in  black  squares,  and  those  not  so  affected  in  white 
ones.  The  conventional  symbols  cJ  and  ?  are  used 
to  denote  male  and  female  respectively,  the  different 
gent/ations  are  marked  A,  B,  C,  etc.,  and  the  individuals 
in  each  are  numbered  in  each  family.  When  pos.-ible, 
the  details  of  each  case  are  given  below  the  corresponding 
tree.  This  last  aspect  of  the  subject  has  hitherto  been 
almost  entirely  neglected.  It  was,  indeed,  only  under- 
taken by  myself  for  the  purpose  of  making  the  in\  jstiga- 
tion  as  complete  as  possible,  and  was  not  exoected  to 
give  much  tangible  result.  As  the  subject  has  evolved 
itself,  however,  I  have  found  that  from  this  detailed 
history  one  of  the  most  interesting  results  of  the  investiga- 
tion has  accrued. 

It  is,  theiuiore,  for  this  reason  that  I  have  not  con- 
tented myself  with  merely  giving  the  family  trees,  but 
have,  where  possible,  added  notes  on  the  individual 
cases  in  regard  to  their  histoty  and  the  condition  of  the 
hearing  at  the  time  of  examination.  In  this  way  the 
leader  can  judge  for  himself  the  extent  to  which,  in 
each  case,  hereditary  influence  has  been  at  work  on  the 
one  hand,  and  extraneous  factors  on  the  other. 

A  word  must  be  said  as  to  the  standards  used  in 
testing  the  hearing,  in  order  that  the  reader  may  judge 
of  the  degree  and  nature  of  the  deafness.  As  regards 
hearing  distance,  three  standards  were  employed— the 
watch,  the  whispered  voice,  and  the  conversational 
voice.  The  same  watch  was  employed  throughout  all 
the  examinations,  and  the  standard  is  therefore  con- 
stant. It  is  hoard  by  a  normal  ear  at  a  distance  of 
from  2  to  2i  yards.  The  whispered  voice  is  heard  by 
a  normal  ear  at  a  distance  of  between  6  and  7  yards. 
The  conversational  voice,  as  heard  by  a  normal  ear, 
cannot  be  correlated  with  die  same  as  heard  by  a  dc- 
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fectivc  car,  because  it  is  heard  normally  at  a  distance 
far  greater  than  is  possible  to  obtain  in  the  rooms 
in  which  the  examinations  were  carried  out.  In  the 
following  pages,  therefore,  it  is  only  of  use  in  com- 
paring one  defective  ear  with  another,  and  when  it  is 
heard  at  a  distance  of  over  8  yards  the  sign  +  is  prefixed 
in  order  to  indicate  that  the  distance  is  more  than  that, 
but  how  much  more  is  not  known. 

The  Rinne  and  Weber  bone-conduction  tests  wcix  all 
carried  out  by  the  same  fork  A'  (220  v.d.  per  sec),  and 
the  result  of  the  former  test  in  a  normal  hearing  ear  is 
between  -f  12  sees,  and  -f  15  sees.  The  fork  employed 
throughout  for  Schwabach's  test  was  of  the  same  pitch 
(220  v.d.),  and,  when  placed  on  the  mastoid  process  of 
the  normal  adult  ear,  is  heard  for  17  sees.  For  the 
testing  of  the  lower  notes  a  scrif^s  of  forks  made  by 
KcJnig  was  employed,  and  the  French  notation  is  there- 
fore given. 

The  I'2dclmann-(Jalton  whistle  was  used  for  the  pur- 
pose of  testing  the  high  notes.  In  this  connection  it 
must  be  renieniboreil  that  the  vibration-frequencies, 
which  are  given  in  tlie  table  accompanying  tliis  instru- 
ment, have  been  called  in  question  by  some  very  good 
autliorities.  In  order,  therefore,  to  ehminate  the  possi- 
bility of  errors  arising  from  tliis  source,  i  have  not  put 
down  the  notes  according  to  their  supposed  fretjuencies, 
but  havf  indicated  the  loss  of  hearing  in  terms  of  the 
numbers  on  the  instrument  wliich  give  tlie  lengtli  of 
tlie  hollow  pipe  an<l  tlie  distance  of  tlic  niouth-piece 
from  the  latter.  Tims,  when  it  is  stated  in  any  given 
case  that  the  notes  are  lost  above  Mdh.  (Munilii(.hle) 
()(i,  I'll  (l*f('ifinlange)  ]"j.  it  means  that,  when  the 
lower  and  iipinr  screws  on  the  iiistiument  are  placed  at 
these  numbers  respectively,  the  note  pioduted  is  the 
highest  which  the  jn'tient  cati  hear.     1   have  not   cm- 
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ployed  Gelle's  test  in  this  investigation  as  I  have  never 
been  able  to  satisfy  myself  that  it  is  reliable. 

The  first  family  tree  is  the  most  complete  and  instruc- 
tive that  I  have  been  able  to  procure.     (See  Table  II.) 
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viewing  thf  tive  as  a  vvliole,  it  will  be  sen  n  tliat  both 
on  the  paternal  and  maternal  sides  fecundity  is  a  pro- 
minent feature,  though  probably  this  is  not  to  be  asso- 
ciated with  tlie  otosclerosis.  In  tlie  next  pLice,  on  the 
paternal  and  maternal  sides  of  the  present  generation  the 
families  were  only  very  slightly  burdened  by  deafness. 
It  nmst  be  mentionrd  tliat  no  blood  relationsliip  existed 
between  the  father's  and  the  mothers  families.  Another 
very  ini|)(>rtant  fact  to  be  noted  is  that  neither  the 
father  i\or  the  mother  of  the  [iresent  generation  were 
in  themselves  deaf,  and  yet,  of  the  nine  children  of  this 
marriage,  si.x  are  already  the  victims  of  otosclerosis, 
and  of  the  three  who  are  nut  deaf,  one  has  not  yet  reached 
the  age  at  wliich  her  brothers  and  sisters  tended  to 
become  alfectrd.  and  another  is  only  just  at  that  age, 
viz,  28  to  ;<)  years.  The  only  one  willi  good  hearing  who 
has  delinitcly  i)a>-scd  lli.it  uitical  age  i->  at  j)reMnt  .ji 
years  old. 

1)  1.     iiie  putical  is  a  Uiulv,  at,  4O.     1  i c  waa  c.xumiiicd 
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by  me  and   the   resu'ts  of  examination  are   tabulated 
jclow  ; 


Kitilit  lUir. 

-  24. 

+  ic. 

Not  heard  at  all, 

9  ins. 

li  yards. 

Mdh.  8(.,  I'fl.  K/j. 

Lost  below  La  iJJ. 


Rinne. 

Schwabacli. 

Watch. 

Whisper. 

Conv.  voice. 

(lalton's  whisllc. 

Low  notes. 


Uft  Ear. 

-  '5- 

+    7- 

Not  heard  at  alL 

Not  heard. 

2  It. 

Mdh.  61),  Pn.  9-7 

Lost  below  Rej. 


On    ihilation,  air   passes   up   both   Eustachian    tubes 
frocly,  but  produces  no  im  movement. 

The  right  tympanic  membrane  shows  the  presence  of 
an  old  dry  perforation.  The  left  tympanic  membrane 
is  normal.  No  symptoms  or  signs  of  disturbance  in  the 
semi-circular  canals  or  vestibule  have  ever  occurred,  and 
the  caloric  tests  for  nystagmus  show  tliat  the  labyrin- 
thine reflexes  are  normal  in  both  ears.  Tinnitus  is 
constant  and  \ery  distressing,  and  is  worse  in  the  right, 
that  is,  the  better  hearing  ear.  I'aracusis  is  pronounced. 
'I  he  patient  is  a  business  man,  and  is  not  subjected  to 
any  loud  noises. 

The  hist  trouble  with  his  cars  began  at  the  age  of  11, 
when  he  had  very  severe  jiain  followed  by  discharge 
which  lasted  at  least  some  weeks,  lie  cannot  remember 
wliether  this  condition  occurred  in  botli  ears,  but  deaf- 
ness was  present  in  both,  and  has  remained  ever  since. 
During  the  last  ten  years  or  so  the  tieafness  has  gradually 
bectnne  more  j)r()ii()iin(eii.  At  present  there  is  no 
catarrhal  tioubie  in  tlie  upper  air  passages,  but  it  is 
quite  probable  thiit  such  was  in  existence  in  childhood. 
1)2,  Male,  at.  44,  NO  opportunity  lias  occmred 
of  examining  this  p.nient.  limn  information  received 
fiom  othei  numbers  of  the  family,  it  is  evident  that  he 
hecame  slightly  deaf  about  the  agi-  of  jo.  Ilu"  dealness 
has  not   inciijasijd  verv  much 
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D  3.  /Ft.  41.  This  subject,  a  male,  has  had  no 
tr  uble  with  his  oars  at  all. 

D  4.  Female,  xt.  38.  The  results  of  the  examination 
are  tabulati  d  below  : 


Riglit  IM. 

U-ft  liar. 

—  20. 

Rinne. 

-   18. 

+   10. 

Schwabach. 

+  8. 

3  ins- 

Watch. 

Contact  only. 

5  ins. 

Whisper. 

Not  heard. 

I  yard. 

Conv.  voice. 

3  ins. 

Lost  above  Mdh.  O'o, 

Galton's  whistle. 

Lost  above  Mdh 

Pfl.  2-3. 

Pfl.  ii). 

Lost  below  rei. 

Low  notes. 

Lust  below  utj 

6. 


No  appreciable  departure  from  the  norma!  vas  dis- 
cernible in  either  tympanic  membrane,  and  there  was 
no  rosy  tint  over  the  region  of  the  promontory.  Air 
passed  readily  up  the  Eustachian  tubes,  and  produced  a 
slight  but  very  temporary  improvement  on  the  right 
side  only.  Tinnitus  is  present  and  is  moderately  severe; 
paracusis  is  also  noticeable.  No  symptom  of  disturb- 
ance in  the  canals  or  vestibule  has  ever  be  n  present, 
and  the  caloric  tests  for  nystagmus  give  a  normal 
response. 

As  regards  tlie  history  of  the  case  it  is  reported  that  the 
(luiiuss  of  hearing  began  in  the  right  ear  at  the  age  of 
I'),  and  in  the  left  ear  at  the  age  of  23.  Ihere  is  no 
liistory  of  suppuration  or  of  earache,  Init  the  remains 
of  adenoids  are  present  to  a  slight  extent.  There  is 
no  history  of  nasal  or  naso-pharyngeal  Irouble.  iho 
tinnitus  made  its  appearance  after  tlie  deafness,  but 
the  length  of  the  interval  between  llie  onset  of  the 
two  syin|itoms  cannot  be  ascertained. 

1)  5.  Male,  ;tt.  ^y.  No  opportunity  has  (HCiirn d  of 
examining  this  subject,  but  from  the  other  members 
of  the  family  it  is  learnt  that  he  suffers  from  dulness  of 
hearing  and   tinnitus,    and  that   those  svnujtoms  made 
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their  appearance  about  tha  age  of  28  or  29.     There  is 
no  history  of  otorrhoea  or  earache. 

D  6.     Female,  xt.  36.    The  results  of  the  examination 
are  tabulated  below  : 


Right  Hat. 

i,ilt  Ear. 

-  5. 

Rinne. 

—  3- 

+  7. 

Schwabach. 

+  6. 

3  ins. 

Watch. 

7  ins. 

I  yard. 

Whisper. 

2  yards. 

8  yards  +. 

Conv.  void- 

8  yards  +. 

Lost  above  Mdh.  6"o, 

Galton's  whisilr. 

Lost  above  Mdh 

Pfl.  24. 

I'fl.  2-3- 

Lost  below  uti. 

Low  notes. 

Lost  below  sit. 

60, 


There  was  a  considerable  amount  of  wax  present  in 
both  ears,  and  when  this  was  removed  it  was  found  that 
the  tympanic  membranes  were  normal.  No  rosy  tint 
was  present  over  the  region  of  the  promontory.  On 
inllation,  air  passed  freely  up  both  Eustachian  tubes  and 
produced  a  very  shght  and  transient  improvement  in 
the  right  ear,  but  had  no  such  eltect  on  the  left.  At 
no  time  has  there  been  any  symptom  of  disturbance  in 
the  functions  of  the  canals  or  the  vestibule,  and  the 
response  to  the  caloric  tests  for  nystagmus  is  normal 
on  both  sides.  Tinnitus  of  a  buzzing  character  is  con- 
stantly present  in  the  riglit  ear,  but  it  is  only  rarely 
noticed  in  the  left.  I'arac  iis  is  clearly  observed  by 
the  patient,  and  she  states  that  this  symptom  lirst  made 
its  appearance  a  year  ago. 

The  dulness  of  hearing  in  tiie  riglit  ear  began  at  the 
age  of  21),  and  in  the  left  ear  at  the  age  of  J2.  There 
is  no  history  of  nasal  or  naso-pharyngoal  trouble,  nor 
of  earache  or  otorrha'a.  On  examination,  the  upper  air 
passages  appear  to  be  cjuite  healthy, 

1)7.  iemale,  a;t.  j.i,  but  at  date  of  examination, 
Nov.  UJ02,  was  a-t.  24.     Since  that  date  no  opportunity 
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has  occurred  of  re-examining  the  patient.     The  results 
of  the  examination  are  tabulated  below  : 


Right  liar. 

],cU  lUir. 

-  5. 

Kinne. 

-  4- 

p 

Schwabarh. 

? 

I  ft. 

Watch. 

1  ft. 

2  yards. 

Whisper. 

2  J  yards. 

C  yards. 

Conv.  voice. 

6  yards  + 

All  heard. 

Galton's  whistle. 

All  heard. 

A  few  lost. 

Low  notes. 

■\  few  lost 

1^^ 


On  examination  there  was,  perhaps,  a  slight  indraw- 
ing  of  the  membrane,  but  this  cannot  be  defmitely  stated 
as  amounting  to  a  pathological  change.  No  rosy  tint 
was  observed  over  the  promontory,  and  the  membrane 
was  normally  movable.  On  inllation,  air  passed  readily 
up  both  Eustachian  tubes  and  was  followed  by  a  very 
slight  degree  of  improvement  in  both  ears ;  this  improve- 
ment, however,  passed  rapidly  away.  There  has  never 
been  any  history  of  giddine^-*^  or  symptoms  pointing  to 
disordered  function  of  the  semi-circular  canals  or  the 
vestibule.  I  itmitus  is  present  constantly  in  the  right  ear 
and  occasionally  in  the  left.  It  made  its  lirst  appearance 
some  months  after  tlir  deafness.  There  has  never  been 
any  noticeable  nasal  ot  naso-pliar\  ngeal  trouble,  and 
the  general  health,  like  that  of  the  other  members  of 
the  family,  has  been  good.  Shortly  before  the  onset  of 
the  ess,    however,    (lie    patiout    was    treated    for 

chlo  betweca  t        and  tlie  utoscleruMs  there  may 

be  some  relationship  of  cause  and  ctlect.     There  is  no 
history  of  earache  or  otorrhtea. 

It  is  interesting  tu  note  that  three  years  after  the 
exammatiun  reported  above  this  patient  married,  and 
has  had  two  children.  Her  sisters  are  of  oj)inion  t!iat 
her  hearing  appeared  to  be  somewhat  worse  after  tiic 
bath  of  each  child.  No  defect  of  hearing  iias  been 
nnticcd  in  cither  of  t'"j!!e  two  children,  but    of  cjurst! 
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they  are  as  yet  too  young  for   the   occurrence  of  oto- 
sclerosis. 

I)  8.  Male,  ict.  30.  Hearing  examined  Nov.  1910, 
and  found  to  be  perfectly  normal  in  every  respect. 

U  9.  Female,  aet.  25.  Hearing  examined  Nov.  1910, 
and  found  to  be  normal  in  every  respect. 

Taking  the  previous  generation,  C,  in  the  same  family 
tree  on  the  paternal  side,  it  will  be  :.een  that  deafness 
is  found,  but  that  the  family  is  not  at  all  heavily  bur- 
dened, only  one  out  of  a  family  of  ten  being  affected. 
The  subject,  C  4.  is  dead,  and  the  only  information  that 
can  be  definitely  ascertained  is  that  she  became  deaf 
in  middle  hfe.  It  is  important  also  to  note  that  the 
father,  C  6,  of  the  present  generation  was  not  deaf  when 
he  died  at  the  age  of  about  60. 

Going  back  still  another  generation,  B,  n  the  paternal 
side  deafness  is  found  in  the  family  of  thi;  grandfather. 
There  is  a  grandimcle,  B  1,  deaf,  but  there  is  evidence 
that  this  appeared  fairly  late  in  hfe  ;  there  was  no 
noticeable  deafness  before  the  age  of  60.  The  paternal 
grandfather  himself,  B  5,  became  dull  of  hearing,  but 
this  also  occurred  comparatively  late  in  life.  There 
was  no  deafness  in  the  family  of  the  paternal  grand- 
mother, out  of  a  membership  of  six. 

In  the  fanu.y  of  the  groat-grandparcnts  on  the  paternal 
side,  A,  deafness  so  far  as  can  be  ascertained  was  absent, 
but  obviously  the  possibility  of  obtaining  reliable  evidence 
is  remote. 

On  the  maternal  side,  li,  of  the  present  generation, 
it  is  found  that  deafness  was  present  in  two  members, 
E  .1  and  E  7,  out  of  a  large  family  of  thirteen ;  but  it  is 
important  to  notice  that  the  mother  of  the  present 
generation  was  not  deaf. 

doing  back  another  generation  on  the  maternal  side, 
E,  U  will  be  seen  that  in  one  of  the  lanuhes  thcie  is  no 
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deafness  out  of  a  family  of  twelve.  In  the  other  family 
of  the  same  generation  on  the  mother's  side,  out  of  a 
family  of  thirteen,  one  is  deaf,  and  that  one  is  the  grand- 
isvotheF  of  the  present  generation.  In  tliis  case  the 
deafness  did  not  occur  till  the  age  of  50. 

Finally,  in  respect  to  the  cousins  of  the  present  genera- 
tion, the  facts  are  these  :  on  the  father's  side  there  are 
over  forty  lirst  and  second  cousins,  and  of  these  none 
is  deaf.  On  the  mothers  side  tJiere  are  over  thirty 
first  and  second  cousins,  and  of  these  only  one  is  deaf. 
He  is  a  young  man,  aged  about  30. 

Summarising  the  facts  obtained  from  a  study  of  the 
genealogical  tree,  it  is  found  that,  out  of  a  family  of 
nine,  six  actually  suffer  from  otosclerosis,  and  it  is  quite 
possible  that  all  may  ultimately  become  affected.  Of 
the  three  who  have  so  far  escaped  one  has  reached  the 
age  of  41,  so  he  is  distinctly  above  the  age  which 
is  critical  for  this  particular  family.  Still,  he  has  not 
by  any  means  passed  the  age  at  which  otosclerosis  occa- 
sionally becomes  manifest.  Of  the  remaining  two  who 
are  unattected,  one  is  just  passing  the  critical  age  and  the 
other  is  entering  upon  it. 

In  spite  of  this  excessive  preponderance  of  otosclerosis 
in  the  cliildren,  it  is  clear  that  in  the  families  of  each 
parent  taken  separately  the  burden  of  deafness  is  only 
slight.  The  evidence  of  this  is  from  two  sources  iirst 
by  direct  inspection  of  the  tree,  and  second,  by  the  fact 
tluit  out  of  more  than  forty  cousins  (first  and  second) 
on  tlu"  fathers  side  none  is  deaf,  and  out  of  more  than 
thirty  cousins  on  the  mother's  side  only  one  is  cKaf, 

While  it  i  \-ious  that  in  this  family  there  is  a  strong 
prcdispositi  10  otosclerosis,  it  is  interesting  to  observe 
that  no  certain  deduction  can  be  made  as  to  the  side, 
paternal  or  maternal,  froiii  which  the  tendenev  ik  dcnvc'! 
Moth  sides  arc  only  very  slightly  burdened  with  deafness, 
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and  it  is  very  doubtful,  from  what  is  known  of  the 
incidence  of  otosclerosis  in  other  cases  which  arc  markedly 
hereditary,  whether  such  persistent  incidence  as  is  found 
in  the  present  family  could  be  accounted  for  by  inherit- 
ance from  one  unaffected  parent  only.  In  this  case,  I 
think  the  strong  probability  is  that  the  tendency  is 
derived  from  both  paternal  and  maternal  sources.  This 
tree  should  be  compared  with  that  of  Hammerschlag 
(Table  IX). 

Another  feature  which   is  noticeable   in   this   family 
history  and  will  be  referred  to  later  in  greater  detail, 
is  the  tendency  for  the  aftection  to  manifest  itself  at  an 
earlier   period   of   life   in   successive   generations.     Pro- 
bably associated  with  this  observation  is  another  interest- 
ing fact  to  be  noted  in  this  family  tree,  as  in  others. 
Provided  adventitious  factors  be  excluded,  there  appears 
to  be  a  tendency  for  the  disease  to  become  manifest  at 
the  same  age  in  members  of  the  same  family.     Thus,  in 
the  family  tree  under  discussion  it  will  be  observed  that 
out  of  the  family  of  the  present  generation  there  are 
six  deaf.     Of  these,  three  (1)  z,  1)  3,  1)6)  became  deaf, 
without  any  known  exciting  cause,  at  the  age  of  29  or 
30.     In    another    member,    I)  7,    the    disease    made    its 
apiJearance  at  the  age  of  24,  but  it  is  to  be  noted  that 
the  patient  was  suffering  from  chlorosis  shortly  before 
the  dulness  of  hearing  and  tinnitus  first  appeared.     In 
D  4  the  deafness  began  at  tlu>  age  of  i()  in  one  ear,  and 
at  the  age  of  2j  in  tlie  other.     In  this  case  it  is  i>robable 
that  the  presence  of  adenoid  iiypi'rtrophy  in  tlie  naso- 
pharynx  was   tin-   factor  which   determined   the  earlier 
onset  of  the  disease,  for  the  remains  of  th(>  adenoids  were 
still  present  at  the  age  of  ,^0  wlien  slie  was  (irst  s(Tn 
by  me.     The  remaining  deaf  member  of  the  family  became 
affected  at  the  ace  of  11.  but  in  his  case  the  acute  middle 
ear  affection,  in  all  probability,  was  tlic  exciting  cause 
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of  the  chronic  deafness  which  followed.  It  may  seem 
strange  to  associate  acute  middle  ear  inflammation  witli 
otosclerosis,  but  as  this  subject  will  be  referred  to  later, 
it  need  not  be  discussed  at  present. 

In  conclusion,  it  may  be  added  that,  of  this  family  of 
nine,  only  one  member,  D  7,  is  married.  She  has  had 
two  children,  but  the  older  of  these  is  only  6  or  7  years 
of  age,  so  that  it  is  too  early  to  say  whether  they  are 
destined  to  escape  the  deafness  from  which  their  mother 
and  so  many  uncles  and  aunts  suffer. 

The  second  family  tree  (Table  III)  shows  some  striking 
differences  from,  and  yet  some  curious  similarities  to, 
the  first.  It '  another  example  in  which  a  marriage  took 
place  between  members  of  two  families,  each  of  whom 
ultimately  proved  to  be  burdened  with  otosclerosis. 

Taking  the  present  generation,  (",  there  are  si.x  members 
of  the  family,  and  of  these  three  are  deaf  and  have  all 
been  examined  by  me.  All  are  typical  cases  of  oto- 
sclerosis. 

Ci.  Male,  ;ut.  37.  Docs  not  suffer  from  deafness  or 
any  aural  trouble,  nor  has  he  at  any  time  in  his  life 
had  any  defect  in  his  hearing. 

('  2.  Female,  at.  J5.  The  results  of  examination 
are  tabulated  as  t^oilows  : 


Hiiilll    i'MT. 

r.i  ft  ITar. 

-   IH. 

Hinno. 

-   '5. 

+  7- 

Sfliwaliacli. 

-1-  5. 

.)  ins. 

Wal.li. 

}  ins. 

1 J  VilKls, 

Whisper. 

z  It. 

■ti  yaiils. 

("otiv.  vc)i<o. 

2  yards. 

NoniKil. 

(liilton's  w  histlc. 

Notiiial. 

,<)st  Ih'Iow  inij. 

Low  noti's. 

1 

.ost  below  solj 

On  inspection,  it  was  found  that  botli  niembianes 
were  quite  normal.  On  intlation  tlirough  the  catheter, 
air  passed  freely  up  the  Eustacliian  tubes,  but  there 
resulted  little,  li  any,  nnpni\enienl   ni  tlie  hearing,  and 
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the  tinnitus  was  not  affected.  Tinnitus  is  constantly 
present  and  is  surging  in  character  ;  it  made  its  first 
appearance  four  years  after  the  onset  of  the  deafness 
in  the  left  ear.  More  recently  tinnitus  of  a  booming 
character  has  been  heard  in  the  right  ear.  Paracusis  is 
marked.  On  very  rare  occasions  sUght  attacks  of  gidd.- 
ness  have  been  observed.  These  have  occurred  not 
oftener  than  once  a  year,  but  have  been  associated  with 


TABI.Iv    III 


Twice  married. 


iTT 


i  i  i  i"- 


c. 


i"  X»  til.    i-'  lis    m" 
Ages  37,   3S,   33,    3;!,    30,    s8. 


a  temporary  increase  in  the  tinnitus.    The  labyrinthine 
reflexes  show  a  normal  response  to  the  caloric  tests. 

The  deafness  first  appeared  at  the  age  of  25  ;  the 
patient  was  at  that  time  distinctly  a  la^mic,  and  was 
breathlesc^  on  exertion.  On  treating  the  anamia,  the 
general  condition  improved  very  much,  and  the  deaf- 
ness made  no  further  advance  until  the  age  of  30.  b.nce 
then  there  has  been  a  slow  increase  both  in  the  deafness 
and  in  the  intensity  of  the  tinnitus. 

C  3.  Female,  iet.  33.  No  deafness  or  any  other  trouble 
associated  with  the  ear  is  found  in  this  subject. 

C  4.  Male,  at.  32.  The  results  of  examination  are 
tabulated  as  follows  : 


Ritilit  ICar. 

Lift  liar. 

Normal. 

Rinnp. 

—  10. 

Normal. 

Schwabacli. 

— 

Normal. 

Watch. 

Only  heard  on  contact. 

Normal. 

Whisper. 

2  ft. 

Normal. 

Conv.  voice. 

4  J  yards. 

Normal. 

Gallon's  whistle. 

Normal. 

Normal. 

Low  notes. 

A   lew   lost   at   lower 
end  of  scale. 
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On  inspection,  both  membranes  are  found  to  be  normal. 
Tinnitus  and  paracusis  are  both  absent,  the  reason  for  the 
absence  of  the  latter  being,  of  course,  the  fact  that  one  ear 
has  full  normal  hearing  power. "  The  Eustachian  tubes  are 
both  free,  and  no  noticeable  improvement  follows  inflation. 

The  dulness  of  hearing  began  very  gradually  and 
without  known  cause  between  the  ages  of  29  and  30. 

The  chief  interest  in  this  case  hes  in  the  fact  that  at 
present  only  one  ear  is  affecteii.  It  is  very  doubtful, 
however,  if  this  comparatively  ortunate  condition  will 
last.'  It  is  also  interesting  to  ni^te  that  paracusis  is  ab- 
sent at  present  because  the  right  car  still  has  normal  hear- 
ing power.  Should  deafness  of  more  than  a  trivial  degree 
occur  in  that  ear,  paracusis  will  probably  be  noticed. 

C  5.  Female,  a;t.  30.  The  hearing  is  as  yet  quite 
unaffected  in  either  ear.  On  examination,  no  defect 
whatever  is  found. 

C  r-  Male,  a^t.  28.  The  results  of  examination  are 
tabulated  as  follows  : 


Kislil  Ivar. 
—   10. 


I.rfl  Ivir. 
-  9- 


3  ins. 

9  ins. 

2  yards. 

High  notes  unafTcctcd. 

f-ost  below  la,. 


9  ins. 

3  yards. 

8  \-ards. 

High  notes  unatfccted. 

Lost  below  uti. 


Rinnc. 

Sv^wabach. 

Watch. 

VVhi-sper. 

Conv.  voice 

Galton's  whistle 

Low  notes. 

\V  bcr's  to.        fork  is  hoard  better  in  the  right  car. 

On  inspection,  the  right  membrane  is  seen  to  be  some- 
what indrawn  and  is  the  seat  of  a  small  calcareous 
deposit.  The  left  membrane  is  also  indrawn,  but  no 
calcareous  deposit  is  found.  On  inflation,  the  air  passes 
freely  up  both  Eustacliian  tubes.  No  improvement  at 
all  is  produced  i  1  the  right  ear  by  inflation,  while  in  the 
left  ear  there  is  a  very  slight  and  transient  improvement. 

'  Since  the  above  examination  was  made  three  years  ago,  the  right 
car  has  become  attectcd. 
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Tinnitus  is  occasionaUy  present,  is  sUght  in  degree,  and 
is  felt  to  be  in  the  head  rather  than  in  the  ears.  Paracusis 
is  not  observed,  the  hearing  in  the  left  ear  being  still  too 
good  for  the  occurrence  of  this  symptom. 

The  history  of  this  case  is  the  usual  one  in  otosclerosis. 
The  dulness  of  hearing  began  in  the  right  ear  at  the  age 
of  22,  and  in  the  left  at  the  age  of  24.  The  onset  in 
both  ears  vas  very  gradual,  and  without  known  cause. 

In  this  fimily,  therefore,  the  normal  age  oiiset  for 
otosclerosis  appears  to  be  between  the  ages  of  25  and 
30.  Thus  in  C  4,  where  no  exciting  cause  could  be 
dis-overed,  the  left  car  became  affected  in  the  thirtieth 
year.  In  C  2  the  dulness  of  hearing  began  at  the  age 
of  2?,  but  for  some  time  previous  to  that  the  patient 
had  i-uffered  from  chlorosis,  and  when  this  condition 
was  rcclilied  the  progress  of  the  otosclerosis  ceased  until 
the  age  of  30  was  reached.  Then  the  deafness  began  to 
increase  and  has  su^ce  been  progvossive. 

In  C6  the  deafness  showed  itself  in  the  right  ear  at 
the  age  of  22,  and  in  the  left  at  24  ;  but  this  rather 
earlier  onset  may  well  be  accounted  for  by  the  fact  that 
both  membranes  were  somewliat  indrawn,  a  circum- 
stance indicating  some  previous  catarrhal  condition  in 
the  Eustachian  tube  or  middle  ear.  As  will  be  sho\xn 
later,  such  factors  arc  of  great  importance  in  antc-datmg 
the  onset  of  otosclerosis. 

Passing  back  to  the  previous  generation  of  the  present 
family,  it  will  be  seen  that  the  families  B  and  1)  of  both 
parent's  were  burdened  with  deafness,  and  indeed  both 
parents  were  themselves  deaf.  Taking  the  father's 
family  first,  two  deaf  subjects  are  found,  B  i  and 
B4,  out  of  a  family  of  eight.  In  Bi  the  deafness 
made  its  appearnnre  between  the  ages  of  50  and  60. 
and  in  B  4,  the  father  of  tlie  present  generation,  about 
the  age  of  33.     Coing  back  still  anotlier  generation,  A, 
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on  the  paternal  side,  records  can  only  be  obtained  of 
two  grandparents.  Of  these  the  paternal  grandfather 
became  slightly  deaf  between  the  ages  of  55  and  60, 
and  the  paternal  grandmother  was  not  deaf  at  all  when 
she  died  at  the  age  of  71. 

Taking  the  maternal  side  of  the  piesent  generation, 
the  mother  herself,  D  4,  was  the  only  deaf  one  out  of  a 
family  of  eight,  and  in  her  case  the  deafness  has  always 
been  and  still  is  comparatively  slight.  It  began  at  the 
age  of  30  ;  but  it  must  be  added  that  the  mother  had 
a  step-sister,  on  the  maternal  grandfather's  side,  who 
was  deaf.  Going  back  still  further  on  the  maternal  side, 
E,  only  the  maternal  grandfather  and  grandmother  can 
be  referred  to  in  respect  to  their  hearing  ;  there  is  no 
record  of  the  other  members  of  the  family.  The  maternal 
grandfather  began  to  be  deaf  between  fifty-five  and 
si.xty,  and  the  dulness  progressed  until  he  was  very  deaf 
when  he  died  at  eighty.  The  maternal  grandmother 
was  not  deaf  when  she  died,  at  thirty-five. 

There  are  in  all  about  forty  first  cousins  of  the  present 
generation,  and  of  these  only  one  is  deaf.  Of  second 
cousins,  total  number  unknown,  only  two  are  deaf,  but 
it  is  a  significant  fact  that  these  two  are  brothers— they 
are  on  the  paternal  side. 

This  family  tree,  therefore,  illustrates  again  the  case 
in  which  a  marriage  takes  place  between  members  of 
two  families  both  of  which  are  only  slightly  afllicted 
with  deafness.  The  family  resulting  from  this  imion, 
however,  is  heavily  uurdened  with  otosclerosis.  It  also 
illustrates  again  the  HabiUty,  in  such  circumstances,  for 
the  disease  to  make  its  appearance  at  an  earher  age 
than  it  did  in  the  parents. 

In  this  connection  it  is  interesting  to  note  that  the 
deafness  occurred  ajter  marriage  in  both  parents,  \-iz. 
at  55  and  30  respectively. 


rm 
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The  third  genealogical  tree  (Table  IV)  illustrates  the 
case  of  a  family  of  ten  members,  but  of  these,  only  eight 
lived  to   the  age   at   which   otosclerosis   usually  makes 

its    appearance.      The    inhcrit- 
"        °  ancc  of  oto'-.olerosis  in  this  case 

is,  for  tiie  most  part  at  any 
rate,  and  possibly  altogether, 
from  the  mother's  side.  At 
present  only  three  members  of 
the  youngest  generation  are 
affected,  but  it  must  be  ob- 
served that  the  oldest  Uving 
member  is  only  30,  and  there 
is,  therefore,  a  considerable  possi- 
biUty  that  others  may  become 
deaf.  Of  the  three  members 
affected,  all  have  been  examined 
by  me.  Regarding  tlie  two  oldest 
of  these,  the  diagnosis  of  oto- 
sclerosis is  clearly  certain,  but 
in  respect  to  the  third,  some 
aurists  might  consider  the  case 
doubtful.  I'or  reasons  to  be 
given  later,  my  own  opin'on 
is  that  it  is  a  case  in  which 
otosclerosis  was  induced  at  a 
comj)aratively  early  age  by  a 
suppurative  process  in  both 
ears. 

Taking    the     family     of    the 
present  generation,  ( ,  the  follow- 
ing analysis  is  made  : 
Died    in    childhood    before    otosclerosis 
usually  manifests  itself. 
C  2.     Male.    No  defect  of  hearing. 


-8  '^ 

-I    ?2 

-3  -«■  o 

i 


Cl.     Male. 
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C  3.     Female,  itt.  28.    The  results  of  examination  are 
tabulated  below  : 


Ritjlit  i;ar. 

Left  ICar. 

-  6. 

Rinnc. 

-  >5- 

+  10. 

Schwabach. 

+  7- 

1ft. 

WaUh. 

Contact  only. 

3  yards. 

Whisper. 

I  in. 

6  yards. 

Conv.  voice. 

I  ft. 

Mdh.  6-0,  PH.  2-9. 

Galton's  whistle. 

Mdh.  on,  Pfl.  4-7 

All  hicird. 

Low  notes. 

Lost  below  rci. 

Weber's  experiment  shows  that  the  tuning-fork  held 
in  the  middle  of  the  forehead  is  heard  better  in  the 
left  ear  than  in  the  rif^iht.  On  inspection  of  the  mem- 
branes these  appear  to  be  practically  normal,  but  there 
may  be  a  slight  indrawing.  Thtre  is  no  rosy  tint  over 
the  region  of  the  promontory.  The  Eustachian  tubes 
are  normally  patent,  and  after  inflation  there  is  no  per- 
ceptible improvement  in  either  ear.  Tinnitus  is  not 
present  nor  is  paracusis. 

The  history  of  the  case  is  similar  to  that  usually  found 
in  otosclerosis.  There  has  never  been  any  earache  or 
discharge  from  the  car,  nor  any  history  of  nasal  or 
pharyngeal  trouble,  and  there  is  no  evidence  of  any 
previous  existence  of  adenoids  in  tlie  na.so-pliarynx.  The 
dulness  of  hearing  began,  with  gradual  on-^ct,  in  the  left 
car  at  the  age  of  22,  and  in  tlie  right  ear  at  25. 

(■  4.  Female,  a-t.  ib.   There  is  no  di>fect  of  hearing  so  far. 

t  5.  Male.     Died  in  childluiod. 

C  6.  Female,  jct.  21.  The  results  of  examination  arc 
tabulated  below  : 


KiKlit  lUu. 

l.l(t    I'M. 

+  3. 

Kinnc. 

-  J  or  4 

+  3. 

Srhwftbiicli. 

+  4. 

a  yardii, 

Watch. 

Un. 

5  yard*. 

Whisper. 

I  It. 

8  yards. 

Coiiv.  voice. 

i  yards. 

Normal. 

Galton'it  whistle. 

Tl: 

;crc 

18   a   very  slight 

liiMs  for  the  hiKhcMt  note* 

All  notcH  hi!ard. 

Low  nutok. 

LuHt  below  lai  S- 
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On  applying  Weber's  test,  the  sound  of  the  fork  is 
heard  better  in  the  left  than  in  the  right  ear.  Both 
tympanic  membranes  are  normal  in  appearance  and  in 
mobility,  and  there  is  no  rosy  tint  present  over  the 
promontory.  The  Eustachian  tubes  are  both  perfectly 
free,  and  on  inflation  there  is  a  slight  but  very  transient 
improvement  in  hearing.  Tinnitus  is  present  in  a  slight 
degree,  and  i>  rumbUng  in  character.  Paracusis  is  not 
a  symjHom  in  this  case 

The  history  of  this  case  is  similar  to  that  of  the  sister 
previously  described.  Tiie  dulness  of  hearing  began 
quite  recently  in  the  left  ear  at  the  age  of  21,  very  gradu- 
ally and  without  an\'  discoverable  cause.  The  tmnitus 
was  first  noticed  a  few  months  after  the  onset  of  the 
deafness.  Although  the  right  ear  is  affected,  the  deaf- 
ness is  as  yet  so  insignificant  T  at  the  patient  is  imaware 
of  it.  Indeed  the  case  is  following  exactly  the  same 
enursc  as  that  of  the  older  sister.  There  is  no  history 
of  earache  or  otorrhrea,  and  the  respiratory  passages 
are,  and  always  have  been,  quite  free  of  any  defect. 

C"  7.  Female,  ict.  ly.  The  results  of  examination 
are  tabulated  below  : 


1 


II 


KiKliI  luir. 

I,t(l  li.ir. 

-  ."S- 

Uinnc 

-  ;• 

—  3  or  -  4 . 

Stliwabath, 

—  5. 

Nut    heard    even    on 

Watch. 

N 

t>t     heard     even 

rontact. 

contact. 

Net    licard   at  all, 

WliispiT. 

Not  huard  at  hII. 

>  ins. 

I.iiiid  tonv.  voitc. 

\  in. 

Mllh.    On,    I'll,    ,»i'. 

i;alti)u's  whixtlc. 

Mdh,  (.u,  I'll,  40. 

Lost  bolow  utij{, 

l.dw  note*. 

l.ofit  below  ut|. 

on 


In  response  to  Weber's  test,  the  patient  is  unable  to 
say  in  which  ear  ilu-  fork  is  heard  the  better. 

On  insiH'ction  of  the  right  ear,  it  is  found  that  the 
niiinbrane  is  almost  ( unipietily  destroyed,  and  the 
tympanic  opening  of  the  Eustachian  tube  is  just  visible. 
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All  the  ossicles  are  present,  and  the  tip  of  the  hammer 
is  adherent  to  the  promontory  ;  Shrapnell's  membrane 
is  not  perforated.  The  stapes  and  the  long  process  of 
the  anvil  are  clearly  visible,  as  well  as  the  niche  of  the 
oval  window,  and  there  are  no  adhesions  in  these  parts. 
The  round  window  is  very  clearly  seen,  and  api)ears 
to  be  quite  free  from  any  obstruction.  The  mucous 
membrane  of  the  tympanum  is  thin,  dry.  and  glazed,  and 
there  is  no  cholestcatomatous  or  epithelial  debris. 

In  the  1'  -  there  is  a  slight  amount  of  piuvdcnt 

discharge,  .  icn  this  is  removed  it  is  found   that 

the  appearai  ^s  are  somewhat  diiferent  from  those  in 
the  right  ear.  The  tympanic  membrane  proper  has 
almost  entirely  disappeared,  but  tlie  hammer  is  still 
present,  and  at  the  tip  it  is  adherent  to  the  promontory. 
Theu'  is  a  perforation  in  Shrapnell's  membrane.  Tlic 
anvil  may  be  present,  but  it  is  not  visible,  neither  can 
the  stapes  nor  oval  window  be  seen,  owing  to  tlu;  rather 
swollen  condition  of  the  mucous  membrane  in  this 
region.  The  round  window  is  visible,  and  there  is  no 
obstruction  in  that  part. 

Paracusis  is  not  noticed,  and  tinnitus  is  only  occa- 
sionally present  and  is  not  very  marked 

The  history  of  the  case  shows  that  the  laticnt  suffered 
from  double  suppurative  otitis  media  ..t  the  age  of 
nine,  in  the  right  car  this  condition  di-ippeared  after 
lasting  for  about  a  year,  but  on  the  left  s'de  it  has  con- 
tiniied  ever  sincv  The  patii  :it  speaks  i'l  the  curious 
monotonous  voice  of  those  who  become  very  deaf  early 
in  hfe,  but  not  sultuiently  early  to  cause  deaf-mutism. 
At  no  time  has  there  been  giddiness  or  an_.  symptom  of 
disease  of  the  vestibule  or  canals. 

As  the  su;  ;>urative  process  in  the  left  (Mr  had  previously 
resisted  all  attempts  at  cure,  I  performed  the  radical 
mastoid   oiu-ration   on   Nov     lOth,    km".     As   a    result 
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the  suppuration  ceased  and  the  ear  was  quite  dry  on 
Jan.  20th,  1911.  The  hearing  was  unaifcctcd  either 
favourably  or  otherwise  as  a  result  of  the  operation. 

'' liis  case  is  related  rather  fully  because  it  serves  to 
uustrate  a  subject  which  will  be  discussed  in  the 
section  on  etiology.  At  first  sight  it  might  have  been 
put  down  as  deafness  due  to  suppurative  disease  of 
both  middle  ears,  and  such  a  view,  in  one  sense  of  the 
term,  would  undoubtedly  be  correct.  But  a  Httle  con- 
sideration will  show  that  in  this  case  we  are  deahng 
with  something  more  than  dulness  of  hearing  due  to 
adhesive  processes  resulting  from  the  previous  otorrhcea. 
In  the  tiri:t  place  the  only  adhesion  visible  is  that  binding 
the  hammer  to  the  promontory,  and  sucli  an  adlicsion 
could  never  cause  the  profound  deafness  to  which  this 
patient  is  subject.  Furtlior,  it  is  not  uncommon  to 
find  cases  in  which  changes  are  present  almost  identical 
with  those  just  described,  and  yet  the  degree  of  deaf- 
ness is  usually  comparatively  slight.  Hut  another  even 
more  cogent  reas-^n  which  prevents  us  considering  the 
deafness  in  this  case  to  be  entirely  the  result  of  changes 
in  the  middle  ear  is  the  fact  that  the  bone-conduction 
is  noticeably  diminished.  It  is  true  that  Rinnes  test 
is  negative,  but  this  is  only  due  to  the  fact  that  the 
air-conduction  is  even  more  seriously  aitected  than 
the  bone-'-onduction.  Schw.ibacirs  test  shows  that  the 
bone-conduction  is  diminished  by  three  or  'our  seconds 
on  the  right  side  and  by  five  seconds  on  the  left. 

The  absence  of  paracusis  is  also,  to  a  certain  extent, 
indicative  of  something  more  than  uncomplicated  middle 
ear  disease. 

While,  therefore,  we  cannot  definitely  state  that  in 
this  case  otosclerosis  is  present,  we  are  justified  in  assum- 
ing that  it  probably  is.  especially  wli(  n  taken  in  con- 
sideration with  case   D  I    in  Table   II   and  with  case 
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B  I  in  Table  M  to  be  described  later.  In  both  tl  e 
cases  otosclerosis  i^  inKiiustioiiably  present,  though  it 
began  immediately  after  acute  middle  ear  intlammation. 
Finally,  in  the  ease  xmder  discussion,  otosclerosis  might 
very  naturally  be  expected  since  two  of  the  older  sisters 
suffer  from  it ;  and  deafness  vas  present  in  the  motlier, 
and  is  also  found  in  an  aunt  on  the  father's  side. 

Taking  the  next  generation  back  on  the  paternal  side, 
B,  it  is  seen  that  the  father  himself  is  not  affect-^d,  and 
of  the  whole  family  of  eight  only  one  is  dull  of  hearing. 
The  d(„ree  of  inheritance  on  this,  side,  so  far  as  deafness 
is  concerned,  is  very  slight,  if  indeed  there  be  any  at  all. 
Tlie  next  generation  back  on  the  paternal  side  shows 
that  there  is  no  discoverable  history  of  deafness  either 
in  the  family  of  the  paternal  grandfather  or  the  paternal 
grandmother. 

Of  the  great-grandparents  on  the  paternal  side  nothing 
is  recorded  in  respect  to  the  hearing. 

Taking  the  maternal  side,  the  mother  herself,  D  6,  was 
deaf ;  and  from  the  description  of  her  symptoms  given 
by  her  children,  it  is  very  probable  that  otosclerosis 
was  the  cause  of  the  deafness.  She  suffered  from  dulness 
of  hearing,  tinnitus  and  paracusis.  The  mother's  own 
family  consisted  of  seven  members,  but  of  these  only 
three  reached  the  age  at  which  otosclerosis  is  liable  to 
occur,  and  the  family,  therefore,  nuist  be  considered  as 
having  produced  one  sufferer  out  of  three. 

In  the  pn  eding  generation,  the  maternal  granthnother's 
own  family  >  JU'^isted  of  six,  who  were  all  unalfected  by 
deafness.  The  maternal  grandfather's  family  also  con- 
sisted of  six,  of  whom  the  grandfather  himself,  K  j, 
was  the  only  deaf  one.  The  maternal  great-grandmother 
was  deaf  when  old,  but  it  is  not  known  how  long  she 
suffcrctl. 

This    famil)'    lue,    ilieiiliie,    iliusii.ile>    lln     ium-    lii 
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which  the  tendency  to  otosclerosis  is  inherited  for  at  least 
the  most  part  and  perhaps  entirely,  from  the  maternal 
side.     This  is  said  to  be  commoner  tliau  inheritance  from 
the  paternal  side. 
The  next  family  tree  (Table  \  )  illustrates  the  case  in 


TAiii,; 


B. 


rfm 


Family  history  not 
fiirtlur  km  wti,  cfl 


No  dcafnt^s 
discoverable  • 
the  mother's 
side. 


I±]9 


|-» 


^, 


jii^   m^  m'^    (=19    L-hf    ■■' 


r']-'  Xv    ii»    A'f  6''   i     cli     cb     i 

Atl  'f       Set  I*        *tl  ■'  f      *»(  J  >  *tt  30  ■-■>     — —  - 
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which,  so  far  as  is  known,  the  tendency  was  inherited 
entirely  from  the  paternal  side. 

The  present  generation  is  young,  the  oldest  being  i8, 
and  the  youngest  3i  years  of  age.  The  family  consists 
of  live  members. 

I)  I.     Female,  a;t.  i8.     Hearing  unaffected, 

D  2.     Male,  ;et.  17.     Hearing  unaffected. 

D  3.  Female,  let,  14.  Subject  of  otosclerosis.  T''e 
results  of  the  tests  for  hearing  are  as  follows  : 


Kiuht  liiir. 
—  111. 
+  8. 

aft. 
.(  yarils. 

M  yauls  f . 

All    notes    heard    up 

to  normal. 

A  few  notes  lost  at 

lower  end  iit  siale. 


Hinne. 

Stiuvabarh. 

Watch. 

Whisper. 

Coiiv,  voice. 

dalloii'-*  whiHlle, 

Low  notes. 


I.eft  i;;ir. 

—  \i. 

4-  10. 

I J  ft. 

1  yard. 

H  yards    (- . 

.Ml  notes  hoard  \\\i  U 

normal. 

\  few  notes  lost  at 

lower  end  oi  licalo. 


V  .  I 


On    inspection  of  the  tympanic  membranes  both  are 
fouiul    to    jiresent    perfectly    normal    appearances.     No 
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rosy  tint  is  seen  over  the  region  of  the  promontory.     The 
mobiUty  of  the  membranes  is  normal  on  both  sides. 

On  inflation  with  the  catheter  air  passes  freely  up 
the  Eustachian  tubes  of  both  sides,  but  no  appreciable 
improvement  results. 

Tinnitus  of  a  hissing  character  is  present,  but  paracusis 
has  not  yet  been  observed,  since  the  dulness  of  hearing 
is  not  ye!  sufficiently  pronounced.  There  is,  however, 
considerable  probability  that  paracusis  will  appear  as 
the  deafness  increases. 

The  history  of  the  case  reveals  the  following  facts. 
The  dulness  of  hf^aring  was  first  noticed  about  a  year 
before  the  examination.  It  was  r{  gradual  onset  and 
there  was  never  any  pain  or  discharge  of  any  kind.  The 
patient  first  noticed  the  thmitus  a  few  months  after  tho 
dulness  of  hearing  was  suspected. 

This  is  a  case  in  which  otosclerosis  has  made  its  ap- 
pearance at  a  relatively  early  age,  especially  in  view 
of  the  fact  that  there  is  no  obvious  exciting  cause,  such 
as  was  found  in  case  1)  i  of  Table  I,  and  in  case  C  7 
of   i  able  IV. 

1)4.  Female,  let.  jl.  There  is  no  affection  of  the 
organ  of  hearing. 

D  5.  Male,  xt.  5 J.  There  is  no  affection  of  the 
organ  of  hearing. 

In  this  family,  therefore,  although  none  of  the  members 
has  yet  reached  the  usual  age  for  the  appearance  of 
otuselerosis,  one  of  them  already  manifests  the  condition 
unmistakably.  Probably  one  or  more  of  the  n-maining 
members  will  ultimately  become  sufferers. 

Taking  the  next  generation  back  on  the  paternal  side, 
it  will  be  seen  that  the  father's  own  family  (onsists  of 
six  members.  Of  these  fo)ir  are  deaf.  The  analysis  is 
as  follows  ; 

C  1.     Male,   ii't.   60.     Not   fxauiinctl   by   liiyself.     The 
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patient  first  showed  signs  of  deafness  at  the  age  of  40, 
and  the  symptom  has  gradually  increased  ever  since. 
He  suffers  also  from  tinnitus  and  paracusis.  There  has 
never  been  any  suppuration,  earache,  or  history  of  nasal 
or  naso-pharyngeal  trouble. 

C  2.  Male,  aet.  57.  Father  of  the  family  described 
above.  The  following  ible  shows  the  results  of  the 
tests  for  hearing  : 


Kiulit  I'^r. 

—  10. 

+  6. 

Not  heard  at  all. 

Not  heard  at  all. 

10  ins. 

Lost   above   M(' 

rfl.  10-4. 

Lost  below  re3. 


Rinnc. 

Schwabach. 

Watch. 

Whisper. 

Conv.  voice. 

Galton's  whistle. 

Low  notes. 


I.tft  Ivir. 
—  12. 
+  0  or  +  10. 
Not  heard  at  all. 
Not  heard  at  all. 
I  ft. 
Lost  above    Mdh.    rSo, 
I'fl.  IO-8. 
Lost  below  rej. 


On  inspection,  both  tympanic  membranes  present 
normal  apjuaranccs.  No  rosy  tint  is  seen  over  the 
region  of  the  promontory.  The  Eustachian  tubes  are 
perfif  tly  free,  and  on  inflation  air  passes  quite  un- 
obstructed into  the  tympanum.  There  is,  however,  no 
improvement  whatever  after  inflation  There  is  no 
history  of  giddiness  or  any  symptoms  pointing  to  disease 
of  the  vestibule  or  semi-circular  canals,  and  the  caloric 
nystagmus  tests  indir.Ue  a  normal  condition  of  these 
structures.  Tinnitus  is  not  complained  of  at  all  at 
present.  The  patient,  however,  remembers  that  at  one 
time,  about  fifteen  or  twnty  years  ago,  he  noticed  it 
for  scver.d  months  or  perhaps  a  year,  but  the  symptom 
passed  away  and  was  not  very  distressing.  Paracusis 
is  very  marked,  and  has  been  so  for  at  Last  lifteen  or 
twenty  years. 

Ihc  deafness  began  very  gradually  and  without 
known  Ciusc  about  the  age  of  ji.  Ihtie  was  no  pain 
or  discharge  at  any  time.     H(jtli  ears  were  affected  at 
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approximately  the  same  time,  as  far  as  the  patient  can. 
remember.  In  recent  years  the  deafness  has  tended  to 
become  distinctly  worse,  and  it  is  quite  possible  that 
this  is  to  be  associated  with  degenerative  changes  in  the 
sound-perceiving  apparatus.  It  is  true  that  the  bone- 
conduction  for  the  low  notes  is  still  above  normal,  but 
it  will  be  observed  that  the  hearing  power  for  the  high 
notes  is  seriously  affected. 

C  3.     Female,  aet.  52.     Not  examined  by  myself. 

The  patient  first  showed  deafness  about  the  age  of 
30.  Tinnitus  and  paracusis  are  both  present.  The 
patient  is  married  and  has  five  children,  none  of  whom 
is  as  yet  deaf,  but  it  must  be  pointed  out  that  the 
oldest  of  these  i  only  30,  and  it  is  very  possible  that 
otosclerosis  may  make  its  appearance  in  some  members 
of  the  family  later. 

C  4.  Female,  ;et.  46.  Unmarried.  No  affection  of 
the  hearing. 

C  5.  Female,  ttt.  45.  Unmarried.  No  affection  of 
the  hearing. 

(■  6.  ]\'Je,  vet.  42.  Not  examined  by  myself.  The 
deafness,  which  in  this  case  is  associated  with  tinnitus, 
only  began  a  year  ago,  and  so  far  is  confined  to  one  ear. 
The  onset  was  gradual  and  without  pain  or  known  cause. 

Taking  the  next  generation  back,  B,  the  only  rocord 
that  can  be  obtained  is  that  neither  parent  was  deaf 
although  both  lived  until  over  Go.  Nothing  is  known 
of  the  brothers  and  sisters  in  this  generation. 

(ioing  back  still  another  generation.  A,  to  tlie  great- 
grandparents  of  the  present  young  generation,  all  that 
is  known  is  that  one  member  of  the  family  was  very 
deaf  at  the  age  of  70,  and  probably  ior  a  considerable 
time  before.  This  was  the  gn-at-grandmother  of  the 
youngLst  generation. 

On  the  maternal  side  of  the  present  younger  genera- 
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tion  there  is  no  history  of  deafness   discoverable  even 
on  careful  examination. 

One  of  the  points  of  interest  in  this  family  tree  there- 
fore, lies,  lirst  in  the  very  early  age  at  which  otosclerosis 
has  made  its  appearance  in  the  present  younger  genera- 
tion. Aa  '--^r  interesting  feature  is  the  fact  that  the 
presen.  o'.  .  generation  is  heavily  burdened  with  oto- 
sclerosis (four  out  of  six),  in  spite  of  the  fact  that  neither 
of  the  parents  was  deaf. 

The  next  family  tree  (Table  VI)  is,  unfortunately,  at 
present  very  incomplete.  The  patient  states,  however, 
that  deafness  has  long  been  recognised  as  being  in  the 
family  on  the  maternal  side.  There  is  no  discoverable 
family  history  of  deafness  on  the  father's  side. 

Taking  the  present  generation,  B,  the  family  is  seen 
to  consist  of  six  members,  of  whom  the  oldest  is  41, 
and  the  youngest  21  years  of  age.  Of  the  six,  three 
are  deaf ;  and  of  these  only  one  has  been  examined  by 
myself.  The  family  medical  attendant,  however,  in- 
formed me  that  the  other  two  deaf  individuals  have 
been  examined  by  aurists,  and  have  been  dehnitely 
certilied  to  be  suffering  from  otosclerosis. 

Bi.  Female,  .net.  41.  Examined  by  myself.  The 
results  of  the  tests  for  hearing  are  given  below  : 


KiKht  rCar. 

U'tl  liar. 

—  10. 

Rinnc. 

-  15- 

■f  8. 

Schwabach. 

+  9. 

Not   heard  even  on 

Watch. 

Not 

heard     even     on 

contact. 

contact. 

2  yards. 

Whisper. 

6  ins. 

5  yards. 

Conv.  voice. 

I  yard. 

High  notes  all  heard. 

Galton's    whistle. 

Lost  above  Mdh 
(jo,  I'fl.  49. 

Lest  below  fai. 

Low  notes. 

Lost  below  si  I. 

Weber  to  left. 

On    inspection    of    the    right    membrane    it    is   found 
that  there  is  neither  indrawing  nor  any   thickening  or 
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atrophy  or  other  change  in  the  membrane  itself.  The 
long  process  of  the  anvil  is  visible.  There  is  a  very 
distinct  rosy  tint  over  the  promontory.  Th  ■  left  mem- 
brane is  indrawn,  but  there  is  no  thickening  or  atrophy. 
A  distinct  rosy  tint  is  observed  over  the  promontory 
in  exactly  the  same  position  as  that  on  the  right  side. 
On  inflation  by  means  of  the  catheter,  air  'lasses  freely 
into  both  tympana,  and  there  is  no  obstri  ction  in  the 
Eustachian  tubes.  There  is  no  improveme  it  in  hearing 
aft(T  inflation. 

Paracusis  has  not  yet  been  observed.    Tinnitus  has 
never  been  present  in  the  right  ear  at  all.     In  the  left 
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ear  it  was  present  for  several  years/in  a  mild  degree,  but 
during  the  last  six  months  it  has /not  been  noticed. 

Now  the  case  just  desc-'bed  if  a  typical  example  of 
otosclerosis.  But  the  interest  begins  when  the  history 
of  the  aural  condition  is  studied  in  detail. 

Until  sixteen  years  ago,  vhen  the  patient  was  25, 
the  hearing  was  pcr^ctl>'  go jd.  At  that  time  she  was 
out  hunting  one  day  and  had  a  long  run  with  a  very 
cold  east  wind  blowing  on  the  left  side.  An  hour  after 
reaching  home  she  began  to  suffer  from  acute  pam  in 
the  left  car,  and  noticed  that  she  was  deaf.  Thu  pain 
in  the  ear  lasted  for  nearly  a  week  and  the  deafness 
increased.  The  pain  tlien  passed  away  anil  there  was 
no  di.schargo  fiuiu  llie  tai  at  any  lime.  The  deafness, 
however,   remained   and   has   never   improvetl,   in   spite 
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of  the  fact  that  &he  had  the  attention  oi  several  highly 
skilled  aurists.  Tinnitus  made  its  appearance  in  the 
left  ear  a  number  of  years  later,  but  was  not  very 
severe. 

The  right  ear  remained  perfectly  well  until  three 
years  ago,  when  she  began  to  notice  that  it  also  was 
gradually  becoming  dull  of  hearing.  This  was  asso- 
ciated with  tinnitus  of  a  mild  degree.  A  few  months 
previous  to  this  the  pa*^ient  suffered  from  a  slight  attack 
of  appendicitis,  but  it  did  not  occur  to  the  patient  herself 
or  to  her  medical  attendant  that  there  might  be  any 
association  between  the  abdominal  tnjuble  and  the 
dulness  of  hearing.  The  hearing  gradually  became  wor.^e, 
and  the  patient  was  treated  for  this,  but  without  ob- 
taining any  relief.  A  second  attack  of  appendicitis 
occurred  from  which  she  again  recoMred  without  opera- 
tion. A  third  and  much  more  severe  attack  occurred 
in  May  1910,  and  this  necessitated  operation  for  removal 
of  the  appendix.  She  mad(^  an  excellent  recovery  and 
has  been  free  from  abdouimal  trouble  since.  About 
three  or  four  months  af'er  the  operation  the  patient 
noticed  that  the  tinnitus  had  disappeared,  but  slie  did 
not  associate  this  with  the  removal  of  tlie  appendix. 
Indeed  the  relationship,  if  any,  which  existed  between 
the  abdominal  trouble  and  the  otosclerosis  was  not 
suggested  until  J  saw  her  in  December  1910. 

This  case  is  described  in  detail  because  it  illustrates 
in  a  remarkable  manner  the  fact  that  either  some  general 
constitutional  condition,  such  as  a  toxin  or  other  sub- 
stance in  the  blood,  or  a  local  inflanunatory  condition 
in  the  middle  ear  may  be  the  exciting  cause  of  o;  jsclerosis. 

In  this  particular  case  the  unique  feature  is  that 
in  the  left  ear  the  e.xciting  factor  was  undoubtedly 
the  middle  ear  intiammation,  and  in  tlie  right  ear  it 
was  very  probably  the  toxin  or  toxins  absf)rbed  from 
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the  diseased  appendix.  It  is,  of  course,  quite  possible 
that  the  diseased  appendix  may  have  had  no  relation- 
ship to  the  on.A  of  the  otosclerosis.  In  any  rase, 
however,  the  exciting  cause  of  the  otosclerosis  in  the 
right  car  was  not  a  middle  ear  inflammation,  as  it  was 
in  till  left  ;  nor  was  there  any  evidence  that  it  was 
due  to  any  middle  ear  condition  at  all.  The  cessation 
of  the  tinnitus  after  the  removal  of  the  appendix  indi- 
cates rather  that  the  latter  was  the  exciting  cause  of  the 
otosclerosis  in  the  right  car. 

But  the  case  illustra'  ■  s  another  point  mite  as  important 
as  that  just  discussed.  In  this  fai  •  ''c  inherited 
tendency  to  otosclerosis  is  so  markeo  as  to  be  unmis- 
takable, and  tlie  real  relationship  of  the  acute  middle 
ear  inflammation  to  the  otosclerosis  is  seen  to  be  that 
merely  of  the  exciting  cause.  Let  it  be  supposed,  however, 
that  the  inherited  tendency,  though  present,  had  been 
less  pronounced,  and  i)erhaps  not  discoverable  ;  th  n 
the  condition  in  the  left  ear  might  very  naturally  have 
been  ascribed  to  acute  middle  ear  inflammation  without 
any  qualifying  statement  as  to  heredity.  I  have  little 
doubt  that  such  incompleteness  in  diagnosis  must  occa- 
sionally occur  in  the  practice  of  all  aurists  ;  I  am  sure 
it  must  have  done  ^o  in  mine. 

B  2.     Mall'.     There  is  no  affection  of  hearing. 

B  3.  Female,  xt.  j6.  This  patient  was  not  exam- 
ined by  myself,  but  has  been  seen  by  various  aurists, 
and  diagnosed  as  "  chi-onic  dry  catarrh  "  and  as  "  oto- 
sclerosis." The  dulness  of  lu-aring  began  at  the  age  of 
20  and  is  accompanied  by  tinnitus  and  paracusis. 

B  4.     Female.     Hearing  not  affected  in  any  way. 

B  5.  Male,  jet.  25.  Not  examined  1)\  m\>i  If.  The 
patient  is  deaf  and  suffers  from  tinnitus.  He  had  bn'n 
delicate  for  several  y<ars  when  the  dulness  of  lirariiig 
began   at   the   age   ot    iij  ;    and   his   medical   attenilant 
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informed  me  that  he  had  seen  at  least  two  aurists,  both 
of  whom  diagnosed  the  condition  as  otosclerosis. 

B  6.     Male,  aet.  21.    There  is  no  affection  of  hearing. 

As  regards  the  families  (A)  of  the  parents  of  the  present 
generation,  no  dulncss  of  hearing  is  recorded  on  the 
father's  side  at  all.  As  regards  the  maternal  side,  it  is 
seen  that  out  of  a  family  of  three,  two  are  deaf,  and 
of  these  the  mother  herself  is  one.  From  the  family 
medical  attendant  I  have  learnt  that  the  mother's  case 
was  diagnosed  as  one  of  "  chronic  dry  catarrh,"  a  term 
which  at  that  time  included  otosclerosis.  Concerning 
the  other  deaf  member  of  this  family  no  record  can  be 
obtained  at  present. 

As  stated  above,  this  is  a  family  in  which  the  individual 
members  recognise  clearly  that  the  tendency  to  deafness 
has  been  present  for  several  generations,  but  I  am 
not  at  present  able  to  give  any  further  data  concerning 
the  family  tree. 

The  next  family  tree  (Table  VII)  illuslintes  the  case 
in  which  the  hereditary  element  does  not  appear  to  be 
markedly  present  ;  indeed  we  have  no  real  jiroof  that 
heredity  has  played  any  part  in  the  occurrence  of  the 
disease.  For  my  own  part,  however,  I  have  no  doubt 
as  to  the  hereditary  influence  in  this  case.  The  occur- 
rence of  otosclerosis  in  four  members  out  of  a  family  of 
eleven,  associated  with  the  fact  that  the  age  incidences 
were  fairly  similar,  m,  24,  26,  29,  and  that  no  exciting 
cause,  h)cal  or  fonstitutional,  could  be  found,  is  in  itself, 
in  my  opinion,  suHicieiit  ground  for  drawing  (he  inference 
that  heredity  has  played  a  part  in  the  condition,  apart 
altogether  from  the  fact  that  in  this  case  the  grandmother 
bcianie  dt>af  some   time   b(>fore  the  age  of  50. 

Ihe  following  is  the  analysis  of  tli.^  tree,  so  far  as  I 
have  been  able  to  carry  it  out  : 

C  I.     Female,  at.  50.    INot  deaf. 
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C  2.    Female,  aet.  49.     Not  deaf. 

C  3.  Male  ;  dead.  Began  to  grow  deaf  at  the  age 
of  26  without  any  known  cause.  He  suffered  from 
tinnitus  and  paracusis,  and  the  case  was  diagnosed  by 
an  aurist  and  by  his  own  medical  attendant  as  "  chronic 
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dry  catarrh,"  a  term  which  at  that  time  included  oto- 
sclerosis. 

C  4.     Female,  aet.  45.     Not  deaf. 

C  5.     Male,  let.  43.     Not  deaf. 

C6.  Female,  and  twin  with  C  7,  :et.  42.  Deafness 
began  at  the  age  of  29,  and  is  associated  witli  marked 
tinnitus. 

C  7.  Male  and  twin  with  C  6,  .x't.  42.  Began  to  be 
deaf  at  the  age  of  19  or  20,  suffers  from  tinnitus,  and  is 
the  subject  of  paracusis. 

C8.  Female,  .et.  41.  Examined  by  myself.  The 
results  of  the  tests  are  tabulated  below  ; 


KiKlil  ICtir. 

-   >S- 

4-  4- 

Ndt     hcHrtl     cvrii     on 

nintact. 

Not  hcanl   at  all. 

Lost   alK>vc  Milh.  71  >, 
IMl.  loj. 


Kinnp. 

SrhwiiliiKli. 

Watch. 

Whi^jxT. 
( iinv.  vdicp. 

|,ow  liotfs. 

(iillton''<   NSlli^tll- 


I.cll  tor 

—  |t  >. 

I  ^■ 

Not    licartl    cvin    mi 

Kintacl. 

Not  lu'uril  at  all. 

7  int. 
I.o^l  Inli.w  la,S. 
l.oHt   above  Milli.  70, 
I'tl.  ^  S 


On  inspretinn  it  is  found   that   th''  riKht   tviiumnic 
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membrane  is  quite  normal  in  appearance  in  every  respect, 
and  there  is  no  rosy  tint  over  the  region  of  the  pro- 
montory. In  the  left  membrane  there  is  a  slight  deposit 
of  calcareous  salts  in  the  anterior  quadrants,  but  there 
is  no  indrawing  of  the  membrane  nor  is  any  rosy  tint 
present  over  the  region  of  the  promontory. 

On  inflation  through  the  catheter  air  enters  the  tym- 
panum free'.y  on  ho\i\  sides,  and  there  is  no  obstruction 
in  the  Eustachian  tubes.  No  improvement  resulted  in 
either  ear  after  inflation. 

The  history  of  the  case  is  similar  to  that  usually 
recorded  in  otosclerosis.  The  dulness  of  hearing  was  first 
noticed  about  the  age  of  24  or  25.  No  cause  could  be 
found  for  the  dulness  of  hearing.  The  patient  has  never 
suffered  from  any  noticeable  tendency  to  nasal  or  naso- 
pharyngeal trouble,  and  no  history  of  ana;mia  is  recorded. 
Paracusis  in  present.  At  no  time  was  there  any  giddi- 
ness, and  on  employing  the  caloric  tests  the  vestibular 
.efle.xcs  are  found  to  be  normal. 

C  9.     Female,  ict.  j<S.     No  affection  of  hearing. 

C  10.     Female,  a't.  35.     No  affection  of  hearing. 

C  II.     Female,  .ut.  33.     No  affection  of  hearing. 

Taking  the  next  generation  (H)  back  on  the  paternal 
side,  it  will  be  seen  that  neither  the  fatlur,  who  died 
at  70,  nor  any  of  ilie  members  of  his  own  family  suffered 
from  drafness.  In  the  next  generation  (A)  on  the 
paternal  side,  it  is  found  that  neither  of  the  grand- 
parents was  deaf,  nor  is  tluic  any  record  of  deafness 
among  the  grand-aunts  or  grand-uncles. 

On  the  maternal  side,  the  mother's  own  family  (I)) 
consisted  of  two,  including  the  mother  herself,  who  died 
at  74.  Neither  of  the  two  was  deaf.  In  the  next 
generation  back  (I"-)  th  grandinotiier's  own  family 
consisted  of  three  individuals,  of  whom  only  tiie  grand- 
mother herself  was  deaf.     She  became  dull  of  hearmg 
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at  the  age  of  fifty,  and  probably  for  som'.-  little  time 
before  then.  The  nature  of  the  deafness  cannot  be 
ascertained.  Of  the  maternal  grandfather's  family 
nothing  is  known,  beyond  the  fact  that  he  himself  was 
not  deaf  even  in  comparatively  old  age. 

There  are  two  points  of  interest  in  this  family  tree. 
The  first  is  the  fact  that  two  of  the  victims  of  otosclerosis 
were  twins.  I  am  not  aware  of  any  other  recorded  case 
similar  to  this,  but  it  is  quite  possible  that  such  a  coin- 
cidence has  been  noted.  The  second  point  of  interest 
is  the  meagrencss  of  the  direct  evidv.iice  of  the  hereditary 
element.  Indeed,  as  previously  stated,  the  deafness  in 
the  grandmother  of  the  present  generation  may  not 
have  been  due  to  otosclerosis. 

From  indirect  evidence,  however,  I  think  there  can 
be  no  doubt  that  the  hertditar\-  tendeiuy  is  present. 
'  hen  four  individuals  out  of  a  lamily  of  eleven  develop 
tlie  affection  without  any  iliscoverable  cause,  we  may 
'airly  safely  assume,  from  what  we  know  of  the  numi- 
festation  of  the  disease  in  families  where  the  hereditary 
influence  is  obvious,  that  in  this  case  also  th  ■  same 
cause  is  at  work,  though  we  may  not  be  able  to  trace 
it  by  direct  inspection  of  the  family  tree. 

Another  point  of  interest  is  that,  assuming  the  grand- 
mother to  liave  been  the  victim  of  otosclerosis,  the 
intervcMing  generation  (D)  has  escaped.  This,  however, 
is  not  n  uncommon  occurrence  in  other  conditions 
besides  ou)Sc  K-rosis. 

Ihe  ne.xt  fa;  ..ly  tree  (I'able  Vlll)  can  only  be  record  d 
over  the  present  generation  and  that  inm'"diately 
preceding  it.  It  is  given  for  two  purposes.  The  first  of 
these  is  to  illustrate  wliat  is  very  possibly  an  example 
of  inherited  tendency  to  otosclerosis  from  both  fat  Ik  r 
and  mother.  The  seconil  purpose  is  to  show  how 
persistently  some  mdividuals  refuse  to  admit  any  liuied- 
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itary  defect  in  regard  to  deafness  when  the  facts  so 
strongly  point  in  this  direction. 

In  the  present  generation  (B)  there  were  originally 
eight  members  in  the  family,  but  of  these  the  oldest 
died  in  childhood,  that  is,  before  the  age  at  which  oto- 
sclerosis makes  it  appearance.  Of  the  remaining  seven, 
four  are  deaf,  but  only  in  one  of  these  have  I  had  the 
opportunity  of  making  a  personal  examination. 

B  I.     Male.     Died  in  childhood. 

B  2.  Female,  xt.  55.  Deaf  in  both  ears.  The  deaf- 
ness is  said  to  have  come  on  after  scarlet  fever,  but  it 


1 
1 

i 

i  i 

!  i 

1 

it 

:   * 

1 

i 

' 

! 

TABI.IJ    VI 11 


.    Onlv  cliilil ;  no   __i/i  Xo 
*■  nliiil  .-.•»  Ht  .ill.    •~'"|"' 


1 


i^ 


is  bilateral,  and  there  is  no  known  history  of  suppuration. 
On  the  other  hand  paracusis  is  marked,  and  the  evidence 
is  just  as  much  in  favour  of  the  condition  being  oto- 
sclerosis as  adhesive  processes  in  the  middle  ear  the 
result  f)f  scarlet  fever.  In  all  probability  this  is  a  case 
in  which  the  .scarlet  fever  merely  played  the  part  of  the 
exciting  cause,  bringing  to  light  the  inherited  tendency 
to  otosclerosis. 

B  J.     Female,  a-t.  53.     No  defect  of  hearing. 

B  4.     Female,  .et.  5.J.     No  d.fect  of  hearing. 

B  5.     Kemale,  tet.  47.     No  defect  of  hearing. 

B  ().  Male,  let.  45,  Dulness  of  hearing  in  lioth  ears, 
associated  with  paracusis  and  tinnitus.  There  is  no 
history  of  suppuration  or  pain  in  the  (<ar.  i  he  dulness 
of  hearing  is  .ittrihuted  to  a  fall  from  a  horse,  On 
incpiiry  it  appears  that  the  accident  was  not  very  s<-nous. 
lor  tlie  patient  was  up  and  out  of  doors  two  days  after- 
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wards.  The  dulness  of  hearing  first  made  its  appear- 
ance a  few  weeks  later.  There  is  no  history  of  giddiness 
or  of  .ay  symptoms  which  would  point  to  injury  of  the 
auditory  nerve  or  labyrinth. 

This  is  a  case  in  which  obviously  the  injury  could 
not  be  the  sole  cause  of  the  dulness  of  hearing.  The 
real  cause,  in  all  probability,  is  to  be  found  in  the 
hereditary  tendency  to  otosclerosis,  though  of  course  the 
accident  may  have  been  the  exciting  factor  in  revealing 
thn  weakness. 

By.     Female,    .-ct.    41.     Examined   by    myself.     The 
results  of  the  hearing  tests  are  tabulated  below  : 


Kinnc. 

Sc;  wabach. 

W.itcli. 

Whisper. 

Coiiv.  voice. 

(laltoii's  whistle. 

Low  notes. 


+  0. 

t  yard. 

5  yards. 

8  yari'is. 

Heard  up  to  normal. 

.Ml  heard. 


RiKlit  V»r. 
—    12. 

9  to  u)  ins. 

a  yards. 

6  yards. 

Heard  up  to  normal. 

Lost  Ih.'1ow  solj, 

Weber  to  right. 

On  inspection,  both  membranes  arc  seen  to  be  quite 
normal ;    there  is  no  indrawii.g,  nor  any  rosy  tint  over 
the  region  of  the  promontory.     On  inflation  through  the 
catlieter,  air  enters  the  tympantun   freely  and  no  ob- 
struction  is  present  in  the  Eustachian  tubes.     There  is 
itnprovement    to   a   very    slight   extent  after   inflation, 
but    it    is   very    fleeting.      The    nasal   and   pharyngeal 
cavities  are   quite   normal.      Nasal   catarrh   and   damp 
weather  do  not  affect  the  hearing,  but  exliaustion  makes 
it  much  worse.    The  dulness  of  hi.iring  on  the  left  side 
is,   at   pnsent.  so   slight    that   the   patient   is   unaware 
that   tlure  is  any,  but  as  will  be  sun   from   the  table, 
the    watch    is   only    iuard    at    about    half    tlie    normal 
hfaniiL'  tHs.tance.     Tinnitus  of  a  singing  character  and 
very  slight  in  degree  made  its  appearance  a  few  weeks 
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ago.  Paracusis  has  never  been  present ;  the  hearing  in 
the  left  ear  being  too  good  to  permit  of  the  occurrence  of 
this  symptom.  There  has  never  been  any  symptom 
pointing  to  disease  of  the  canals  or  vestibule. 

The  only  cause  for  the  deafness  of  which  the  patient 
can  think  is  a  rather  lengthened  period  of  sea-sickness. 
Such  a  condition  is,  after  all,  almost  as  unlikely  to  be  the 
exciting  cause  of  otosclerosis  as  the  fall  from  the  horse, 
in  the  case  of  her  brother.  The  real  essential  cause  was 
probably  the  inherited  tendency. 

B  8.     Male,  ;et.  j^S.     Not  examined  by  myself. 

The  deafness  is  bilateral,  is  considerable  in  degree,  and 
is  associated  with  paracusis  but  not  with  tinnitus.  The 
condition  has  been  attributed  in  this  case  to  neglected 
colds  and  polypus  in  the  nose.  In  this  case  also  the 
nasal  trouble  was  only  the  exciting  cause. 

Taking  the  next  generation  back  (A)  on  the  paternal 
side,  the  family  consisted  of  one  member  only,  the 
father  himself.  He  suffered  from  deafness  of  consider- 
able degree  and  associated  with  paracusis.  It  is  not 
known  whether  tinnitus  was  present  or  not.  The  dulness 
of  hearing  came  on  gradually  in  early  middle  life. 
Nothing  is  known  of  the  grandparents  on  the  paternal 
side. 

On  the  maternal  side,  the  mother's  family  consisted 
of  two,  the  mother  herself,  C  r.  juid  a  brother.  Of 
tiiesc  the  mother  suffered  from  bilateral  deafness  asso- 
ciated with  paracus  s,  but  whetlu-r  tinnitus  was  i)resent 
or  not  cannot  now  be  discovered.  The  uncle,  C  2,  is 
not  deaf.  Nothing  is  known  of  the  grandp.uents  on  the 
mother's  side. 

In  this  family  tree  we  have,  therefore,  a  case  illus- 
trating an  inherited  tendency  to  otosclerosis,  but  we 
caiuKit  K-iy  whi-th.T  th<-  tetKlvHi  y  was  derived  fruin 
the  mother's  side  or  from  the  father's,  but  there  is  fair 
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probability  that   both  contributed.      It  is  to  be  noted 
that   among  ■  the   members  of  this  family  it   is   firmly 
beheved  that  there  is  no  hereditary  tendency  to  deafness. 
Tlie    case    among    many    others 
illustrates   the    necessity    of    ex- 
amining closely   into  the   details 
of  the  family  history,  and  never 
accepting  the   bare  s    tement  of 
patients  that  there  is  no  hereditary 
tendency    to    deafness    in    their 
family. 

In  addition  to  these  family  trees 
which  I  have  described  in  the 
previous  pages,  I  take  the  liberty 
of  including  one  which  was  in- 
vestigated by  Harnmerschlag  and 
referred  to  by  Kiirner.  It  illus- 
trates the  unique  case  of  a  man, 
the  victim  of  otosclerosis,  marry- 
ing his  niece    who   also  suffered 

from  the  same  condition.      Thei<^ 

were    seven    offspring    from    this 

marriage,    and   all  of   the    seven 

became  deaf.     This  is,  so  far  as  I 

am  aware,  the  most  striking  ex- 
ample of   the  effect  of  inherited 

tendency    in    the    production    of 

otosclerosis.      It  is  not,  however, 

perhaps  so   remarkable   in   some 

ways  as  the  case  sliown  in  Table 

II,  in    wlii<h   six    members  of   a 

family  of  nine  are  the  subjects  of 

otosclerosis,  and  in  wliich  very  possibly  e'-Tht  out  of  the 

ninf   niny  hfconic  afffcti'd,  although   b(-  '    parents  were 

free  of  tlu'  disease, 
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Finally,  an  interesting  case  of  otosclerosis  occurring 
in  members  of  the  same  family  is  recorded  by  Paul- 
Boncour.  The  family  tree  is  not  given  in  the  original 
paper,  but  the  writer  evidently  made  a  very  careful 
investigation  into  the  family  history  of  the  mother,  and 
an  equally  careful  examination  of  the  two  sufferers,  who 
were  half-brothers.  Both  patients  began  to  suffer  from 
typical  otosclerosis  without  any  obvious  exciting  cause, 
at  an  age  relatively  very  young,  14  and  12  years  respec- 
tively. The  mother  was  married  twice,  and  to  each 
husband  she  bore  a  son,   the  patients  just  described. 

TABI,K    X 
No  discoverable  history  of  deafness  in  the  mothei's  family. 

The  family  history  of  the  first     _  f^      [a]      r^]^  The  family  history  of  the 
husband  not  given.  '-^L^TX-.Jzr'        second  husband  not  given. 

The  mother  herself  was  not  deaf,  nor,  on  the  closest 
examination,  could  any  history  of  deafness  be  found  in 
her  family.  It  is  unfortunate  that  no  records  of  the 
family  histories  of  the  husbands  are  given  in  this  case, 
because  absence  of  such  data  leaves  several  possibilities 
open  as  explanation.^.  Thus,  it  cannot  be  definitely 
stated  that  the  tendency  to  otosclerosis  has  been  inherited 
from  the  mother,  for  it  is  quite  possible  that,  by  coin- 
cidence both  husbands,  though  not  deaf  themselves,  may 
have  come  of  a  stock  in  which  deafness  was  hereditary. 
Thus  we  are  left  in  considerable  doubt  as  to  the  extent 
which  heredity  has  played  in  this  case.  It  is  interesting, 
however,  as  showing  how  otosclerosis  may  manifest 
itself  in  a  typical  and  severe  manner,  even  when  there 
is  no  evidence  of  the  condition  having  been  present  in 
any  of  the  ancestors. 

In  addition  to  the  family  trees  of  which  the  detailed 
invcstigatiuii  is  yjvon  above,  !4evt<ral  other'-;  .-^rc  shown 
below  with  notes  indi.  ating  the  chief  points  of  interest. 
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TABLE    XI 

oT        f    Deaf-mute. 


T 


< 


b^ 


\ 


i  fVmn 


Died  young. 


In  this  tree  the  Kreat-grandmother  was  deaf-mute,  but  it  is  not  possible  t"  Jis«o^ 
families,  in  both  of  which  otosclerosis  occurred. 


TAIU.Iv    XII 


„  m 


TJ'  i  i    M   I 


rirTirTTTTnrT~rin.  {^. 


In  this  large  family  otoscUrosis  mud.-  iti>  iippeorftnce  lu  two  members,  and  dcuf-mutism 
in  a  third. 


TAUI.n    XlII 


n-  i  i'  ^  V  I-  i  i-  M 

In  this  family  trie  the  Kreiit  (irnn.lmother  was  mnrri.d  Iwiie,  and  ";'"'" '''I'"!'"'; 
1««d»  nor  hrnrlf  was  .leaf.     «hr  ha.l  a  family  by  .ach  h..sl«ml,  but  no  .Irnfness  «  I-^nf 
in  cithrr  n{ Ihrrr  fnmilirr,.     T!,r  ,  iMS-tr- .,  ••(  . :.rh .-.f  t!:==r  f:i!H!>!.-  were,  ij"^,"^-' -^ '  "VlL^r. 
with  ..l..vleti«i»,  and  the  next  «eneri>ti.>ii  "t  one  of  the  subjects  had  eleven  Lhlldren, 
of  wlmni  five  Incame  thi-  subjeels  of  the  disease. 
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^ 


i  ■- 

^,      11 

No  deafness. 


i   i   i   M.  1.  1   1   1 

A  i  A  '  1  1  1 

^ . . 

None  deaf,  although  all  have  reached  the  F„'e  at  which 
otosclerosis  usually  manifests  Itself . 
This  table  shows  the  case  of  one  deaf  parent  who  had  five  children,  all  of  whom  fell 
▼ictims  to  otosclerosis— a  very  severe  incidence.    On  the  other  hand ,  one  of  these  patients 
bad  seven  children,  none  of  whom  developed  otosclerosis,  though  all  have  passed  the  age 
at  which  the  disease  usually  occurs. 


vv 


i  M  i-  I  J  i  t  ,~l 


This  family  tree  is  in.  Jting  as  showing  how  otosclerosis  in  its  typical  form  has  made 
its  appearance  in  those  t  r  tiers  of  a  family  in  which  there  was  no  deafness  in  the  parents, 
the  grandparents,  nor  the  gi'eat-grandparents. 
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BIOLOGICAL 

Now,  before  going  on  to  discuss  more  closely  the 
mysterious  nature  of  the  origin  of  otosclerosis,  and  the 
part  which  hereditary  tendency  plays,  it  must  be  clearly 
pointed  out  that,  as  every  aurist  is  aware,  not  a  few 
cases  of  undoubted  otosclerosis  occur  in  which  no  hered- 
itary tendency  can  be  discovered.  The  tables  given  above 
are  only  cited  to  show,  in  their  detailed  relationships, 
cases  in  which  the  hereditary  element  is  fairly  obvious. 
Further,  in  my  own  cases,  I  have  gone  into  considerable 
individual  detail,  even  at  the  risk  of  being  prolix,  in 
order  to  show  how  easy  it  is  to  fall  into  tin-  error  of 
attributing  the  occurrenc(»  of  otosclerosis  to  other  factors 
than  heredity,  because  they  are  the  ones  which  the 
patient  always  offers  to  the  aurist  for  consideration  first, 
and  frequently  alone. 

For  the  same  reason  it  will  not  be  diflftcult  to  see  why 
it  is  impossible  to  state  the  percentages  of  cases  of 
otosclerosis  due  to  heredity,  and  the  number  due  to 
other  causes.  Any  such  division  is  purely  arbitrary, 
because  in  a  very  large  proportion,  and  perhaps  in  all 
cases,  inherited  tendency  and  some  adventitious  cause 
each  play  a  part.  Thus,  in  the  case  of  lable  VI,  B  i,  it 
would  be  impossible  to  ignore  hereditary  influence  (jn  the 
one  hand  and  acute  middle  ear  disease  and  toxic  absorp- 
tion on  the  other.  A  similar  dithmlty  arises  in  case 
C  7  in  Table  IV,  and  in  case  I)  i  in  Table  II.  I  had,  at 
4  4v> 
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one  time  durnc  tl'L-.  in\"^:'>:ation,  intended  to  have  a  per- 
centage table  u-av  .  up,  b  ;t  ,<-  the  research  evolved  itself, 
and  individual  cases  were  e^.iu  incd  in  detail,  as  exempli- 
fied in  not  a  few  of  those  described,  it  became  quite  evi- 
dent that  the  data  which  could  be  offered  for  statistical 
treatment  were  not  sufficient!}'  definite  for  the  latter 
purpose.  And  it  is  not  surprising,  therefore,  that  the 
percentage  of  cases  due  to  inheritance,  gi\  u  by  different 
authorities,  should  vary  within  such  wide  limits.  It 
is  doubtful  if  the  hereditary  tendency,  using  the  term 
in  its  widest  sens;,  can  ever  be  definitely  e.vcluded  in  a 
given  case  of  oti-sc'orosih,  because  it  can  always  be 
maintained  that  the  genealogy  is  not  sufficiently  well 
known.  On  the  other  hand,  an  exciting  cause  may  pos- 
sibly be  acting  which  is  not  disi  verable  by  the  present 
methods  of  pliysiological  and  chnical  investigation. 

There  is  one  pv;:nt,  however,  which  1  venture  to  say 
may  quite  justifiably  be  considered  to  be  proved.  It  is 
this,  that  apart  from  hereditary  influence  there  is  ne 
single  cause  to  which  otosclerosis  may  be  attributed 
Now  this  IS  an  important  practical  point  in  considering 
our  mental  attitude  towards  the  disease.  !t  is  illustrated 
in  several  of  the  cases  described  in  the 
Particularly  striking  is  the  ( ase  B  i  ; 
which  one  ear  bctanie  affc(  ted  by  otosci' 
of  acute  middle  ear  intlammation,  while 
clearly  enough  tli  ^ult  of  another 
the  presenc(>  of  sonu  toxit  substance  i- 
both  ears,  of  cou:  -e,  the  hereditar\  influence  pla 
part.  Hence,  attc!n|!  s  to  a--- ribe  all  ea  -  of  ott 
to  disturbances  in  the  int^  i  d  secretin! 
gland  or  the  pituitarv  bcdx  toxic  ab 
alimentary  canal  or  uther  muk  cms  surl.^ 
cannot  be  accepted,  althougli  iri  a  givei 
these  may  be  the  exciting  causi . 


receding  pages. 
Table    VI,  in 
rosis  a  ^  a  result 
the   otb'T   wa 
au^t'     pj  I  )babl\ 
the  blood      II; 
d  its 
Td^.is 
-  of  roifi 

rptio;      ron      he 
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Similarly  there  is  no  jusl  icati- .n  ir  the  view  t'at 
in  all  cases  tl  excitinji:  cans  is  to  found  past  or 
present  inllamiaatory  process'  in  ti  iiiddl  ar.  It  is 
undoubt.  dlv  true  that  in  not  a  few  cases,  iddle  ear 
disc  se  is  v-lea:  y  the  c.\  iting  ictor  in  the  ^  oduction 
of  otosclerosis.  This  has  been  already  shown  clinically 
in  the  prec(  tin  paces,  and  in  rvccnt  times  Fraser  '  has 
flemonstrated  the  t;ict  by  direct  pathological  evidence. 
But  it  is  just  as  clear  that  many  cases  arise  in  individuals 
in  wh'  'n  tiiere  i^  o  evidence  whatever,  either  .nm  a 
clinical  r  a  p,-thological  side,  '>f  any  affec  )n  ol  th- 
tyiiipanum.  pas;   or  preseiit. 

As  regards    iit  incidence  of  the  disease  in  relat      ■  to 
age  and   sex.    the   subje       has   ;^     ady   been  dis( 
in  pr.  vi'ius  pages.     But        Te  '        lother  aspec;    ■> 
ijuestion  of  agi    incidence    \hi'  not  d?    ussci 

In  cert-'Ui  famili   -  in  which   otosclerosis  is  d(      itel  1- 

itary,  or    d  put  it    uore  a'        ately,  wlien  tJ.     h<  ai 

intli!'  ace  i-  prom  unced       le  disease  aj  pea  -       :. 

an  eariie'  i-     \ch  saee'-ssive  generation. 

in  1  abi,  i 

which  are  .iv 
any  very    Is' 

now,  in  ord      Uiat  any  n  idtr  who  thin 
the  subject      mv  be  on  aiert   to  n 

resjiect  tf'   Jus  matter.         'fore  k-avin 
should  Hke  to  .  Id  tha.  L>     M^t'  lias  cen 
conclusion  in  r<    [H-ct  to  i !  rtain  ases  < 

system  in  which  the  influence  of  heredity  is  particularly 
noticeable.'  But  Dr.  Mott's  evidence  is  drawn  from  a 
very  much  larger  number  of  case-  and  more  definite 
conclusions  can,  hereforc,  be  in  irc'l  from  them. 
Should  it  be  found      fter  an  inspectif  i;  -        large  number 

'  Fraser,  I{oy.  Med.,  OioUtg.  Seel.,  May  mid. 

'■'  Mott,  .irchic    "I  Neurology,  Vol.  \'.  .Appcnciex,  mil. 
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of  genealogical  trees,  that  the  suggestion  just  made  in 
regarding  otosclerosis  can  bo  definitely  shown  to  be 
correct,  then  a  very  interesting  link  will  be  established 
in  respect  to  the  bearing  of  hereditary  influence  on 
diseases  of  the  central  nervous  system  and  otosclerosis. 

Another  inference  which  may  be  drawn  from  a  con- 
sideration of  the  facts  recorded  in  the  preceding  pages, 
is  that  the  age  of  onset  of  otosclerosis  tp.ay  be  very 
greatly  affected  by  local  inflammatory  activity  in  the 
middle  ear.  This  is  lustrated  in  case  D  i  in  Table  II 
and  case  C  7  in  Table  IV.  In  these  subjects  there 
was  clearly  an  inherited  tendency  to  otosclerosis ;  but 
whereas  in  ordinary  circumstances  the  disease  does  not 
manifest  itself  until  after  the  twentieth  year,  they 
becume  affected  very  early,  viz.  at  the  ages  of  11  and  9 
respectively.  This  is  a  matter  of  great  practical  import- 
ance from  two  points  of  view.  The  first  is  that  the 
children  of  parents  who  are  the  victims  of  otosclerosis 
should  be  guarded  with  es|ierial  care  against  every 
possible  factor  whicii  may  tend,  even  remotely,  to 
middle  ear  disease  of  any  kind.  Thus  the  mildest 
catarrhal  conditions  in  the  nose  or  naso-pharynx  or 
pharyn.x  call  for  interference  more  imperatively  even 
than  in  the  children  of  those  in  whom  no  inherited 
tendency  to  otosclerosis  e.\i.«ts.  The  second  deduction 
that  can  be  made  from  the  foregoing  facts  is,  that  in 
all  cases  of  deafness,  even  in  children,  the  family  history 
should  be  iiujuired  into  very  carefully,  and  if  there  is 
e\'iden<e  of  a  temKiicy  to  otosclerosis,  the  prognosis 
should  he  guarded,  iiowever  nnich  the  cusi'  may  present 
the  clinical  signs  and  symptoms  of  Eustachian  or  middle 
«'ai  cutartli,  or  ucute  middle  ear  inflammaiion. 

It  is  not  sulficient  merely  to  associate  the  incidence 
of  otosclerosis  with  hereditary  tendency.  Many  cases 
come  before  the  aurist  in  which  no  hereditary  element 
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can  be  detected,  though  in  these  cases  of  course,  as 
stated  above,  the  disease  may  have  been  present  in  a 
remote  ancestor.  Even  admitting  this,  the  problem 
still  remains  unanswered  ;  because,  however  far  we  may 
go  back  in  the  ancestral  tree,  the  question  still  remains, 
how  did  the  condition  originate  ?  It  can  hardly  be 
imagined  that  there  is  an  unbroken  descent  of  actual 
cases  of  otoscleiosis  from  the  time  when  the  organ  of 
hearing  first  made  its  appenrmce  in  the  animal  kingdom. 
Further,  any  theory  of  the  etiology  of  otosclerosis  must 
explain  several  very  well  known  but  myst(M  ious  features 
about  the  disease,  such  ?'  the  almost  universal  bilateral 
nature  of  the  condition,  and  the  remarkable  fact  that, 
witli  very  rare  exceptions,  the  vestibule  and  semicircular 
canals  are  unaffected.  It  must  also  exj^lain  the  equally 
curious  fact  that  in  many  cases,  in  the  later  stages,  the 
nervous  apparatus  of  the  cochlea  tends  to  become  diseased, 
whereas  thatof  the  vestibule  and  canals  remains  unaffected. 

It  is  for  these  reasons  that  the  writer  is  unable  to 
accept  the  views  of  Korncr  that  otosclerosis  is  always 
inherited.  Indeed,  Korner  liimself  admits  the  difficulty 
of  this  'wplanation,  which,  in  reality,  is  no  explanation 
at  all.  Otosclerosis  must  have  originated  some  time 
in  the  history  of  the  race  ;  and,  that  bein».  so,  is  there 
any  reason  why  it  shouUl  not  occasionally  originate  in 
the  present  time  ?  The  condition  i;'  even  found  in 
animals  other  than  man,  as  has  been  shown  by  Alexander 
anil  Katz,  and  presumably  il  nnist  have  ()ri;^inated  in 
tlust>  aniMial    also. 

Another  fact  which  nmst  be  kept  in  mind  is  that  no 
single  general  or  local  constitutional  condition  can  be 
associated  with  otosclerosis.  liuKed  it  is  from  the 
latter  fad  that  a  hint  may  be  obtained  iis  to  tiie  point 
at  which  a  search  should  bo  made  in  considering  the 
etiology  of  the  disease. 
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When  the  pathologist  is  confronted  with  a  problem 
in  which  an  abnormal  local  condition  arises  that  cannot 
be  accounted  for  in  different  cases  by  the  action  of  a 
specific  micro-organism  or  a  definite  toxic  product,  and 
when,  moreover,  there  arc  no  signs  of  inflammatory 
activity,  it  behoves  him  to  examine  carefully  the  process 
of  evolution  by  which  the  organ  nd  tissues,  with  which 
he  is  dealing,  camf  into  existence.  There  arc  several 
problems  of  this  nature  before  the  pathologist  at  the 
present  time,  but  apparently  this  method  of  examining 
them  has  had  little,  if  any,  attention  paid  to  it.  An 
example  of  such  a  problem  is  the  reason  for  the  n  latively 
great  frequency  of  cancer  in  certain  situations,  such  as 
the  breast,  rectum,  and  uterus,  compared  with  its  mcidence 
in  other  localities.  Another  deeply  interesting  problem 
is  the  discovery  of  the  .cal  basis  on  wl.ir'i  rests  the 
occurrence  of  artcrio-sclcrosis.  Similarly,  t!ie  frequency 
with  which  skin  affections  show  a  marked  predilection 
for  certain  areas  is  a  mystery  which  requires  solution. 
Among  such  problems  the  occurrence  of  otosclerosis  is 
one,  and  in  this  case,  I  vcntur-  to  think  that  the 
solution  is  to  be  found  in  the  evolution  of  the  organ  of 
hearing. 

It  is,  of  course,  outside  the  -  -ipc  of  this  work  to  go 
into  a  detailed  description  of  the  wliole  organ  of  hearing, 
but  for  the  purpose  at  present  in  view  it  is  necessary 
to  consider  certain  aspects  of  the  subject  before  attempt- 
ing to  explain  directly  the  relationship  which  the  process 
of  evolution  bears  to  otosclerosis. 

There  is,  of  murse,  no  possibility  of  facing  by  direct 
observation  the  increasing  complexity  of  the  organ  of 
hearing  in  the  actual  speiies  of  vertebrates  from  which 
the  manunals  have  been  gradually  evolved.  Ihero 
is,  huuever,  cjiiite  a  sunieient  number  of  living  species 
to  giva  by  inference,  a  lairly  clear  picture  of  most  ol 


BIOLOGICAL 


55 


these   processes,   though   there   are   some   gaps   which 
cannot  at  present  be  bridged. 

In  the  fishes,  considerable  variations  are  found  in  the 
structure  of  the  labyinth.     If  amphioxus  be  excUided 
for  the  present,  the  simplest  form  is  that  of  the  very 
primitive  h;ig-fish  (Myxine  glutinosa).      In  many  fishes, 
on  the  other  hand,  the  labyrinth  is  exceedingly  complex. 
Indeed,  so  far  as  the  organs  of  the  saccule,  utricle  and 
semicircular  canals   arc   concerned  it  may  be  said  that 
the  organ  never  again  reaches  such  a  degree  of  complexity. 
To  ♦'!''  great  majority  of  these  it  is  not  necessary  to 
refer,  as  they  arc  obviously  far  out  of  the  line  of  direct 
ancestry  of  the  other  vertebrate  classes.     Of  one  of  the 
sub-classes  of  the  fishes,  the  dipnoi,  however,  it  is  neces- 
sary lo  say  a  few  words,  because  of  its  remarkably  close 
approximation,    in    many    resjxjcts,    to    the    amphibia. 
Owing  to  the  kindness  of  Professor  C.raham  Kerr,  I  have 
been  able  to  prepare  a  specimen  of  the  labyrinth  of  the 
lepidosiren.     Another  example   of   the  labyrinth  of  the 
dipnoid  fishes  has  been  carefully  describ-d  by  Kctzius. 
In   both   these   fishes  the  semicircular  canals  and   the 
structures  of  the  vestibule  are  relatively  well  developed, 
quite  as  highly,  that  is  to  say,  as  in  the  amphibia,  reptile, 
or  mammal.     Two  points,   however,   are   to  be   noted. 
In  the  first  place  there  is  no  ludiment  of  a  cochlea,  nor 
even  the  special  macula  basilaris  from  which  the  cochlea 
is  uliimately  to  be  evolved.     The  next  point,  which   1 
have  verified  by  dissection  of  the  organ  in  the  lepulosiren, 
is  that  ther-  is  no  trace  of  any  opening  in  the  labyrinth 
corresponding  to  the  oval  or  ro\md  windows,  nor  any 
chain  of  ossicKs  or  tympanic  membrane. 

In  tlio  amphibians  tliere  is  onsiderublo  vurii-ty  m 
the  structure  and  connections  of  the  labyrinth.  In  the 
more  highly  specialised,  such  as  the  frog,  a  tympanic 
membrane  in  present,  and  it  is  in  diiccl  connection  with 
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the  labyrinth  by  means  of  a  columella,  similar  to  that 
found  in  reptiles  and  birds.  The  relationship  of  the 
inner  end  of  the  columella  to  the  labyrinth  is  much  more 
complex,  however,  than  is  the  ca'^<e  in  the  reptile  and 
in  the  bird.  But  ther^  is  no  necessity  to  enter  into  this 
at  present,  because  the  more  highly  specialised  amphibia 
of  the  present  day  cannot  be  looked  upon  as  in  the 
direct  line  of  ancestry  of  the  reptile  or  mammal. 

In  respect  to  the  less  specialised  amphibia  which  have 
a  more  direct  bearing  on  the  subject  under  discussion, 
it  need  only  be  said  that  there  is  no  macula  basilaris 
nor  any  sign  of  a  cochlea.  Neither  is  there  any  rudi- 
ment of  a  round  or  oval  window. 

In  the  reptiles,  it  may  be  said  that,  so  far  as  direct 
ancestry  of  the  mammals  goes,  the  labyrinth  for  the 
first  time  gives  evidence  of  having  acquired  a  new  func- 
tion, the  sense  of  hearing,  and  the  corresponding  ana- 
tomical changes,  therefore,  are  almost  universally  fcjund 
in  this  class.  Thus,  from  the  macula  lagena  there  has 
been  evolved  another  neuro-epithelial  area,  the  macula 
basilaris,  which  is  destined  to  l>:'come  the  basilar  mem- 
brane and  organ  of  Corti  of  the  more  highly  specialised 
reptiles,  the  birds,  and  the  mammals. 

The  fenestra  ovalis,  opening  into  the  tympanic  cavity, 
is  present  in  reptiles,  with  the  exception  of  a  few,  such 
as  the  snake ;  and  even  in  these  the  absence  of  the 
oi)ening  is  clearly  the  result  of  retrograde  changes,  and, 
therefore,  docs  not  affect  the  present  issue,  liven  in 
the  most  primitive  of  the  living  reptiles,  Sphenodon,  the 
oval  window  is  well  develojxd,  and  is  closed  by  the 
foot|)latc  of  the  columella,  as  in  other  reptilis  and  in 
birds.  I  have,  myst-lf,  verified  this  by  dissection.  The 
round  window  also,  for  the  first  time  makes  its  appear- 
ance in  the  reptile  ;  but  although  it  is  homologous  with 
the  same  structure  in  mamm*l8,  it  has  to  undergo  remark- 
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able  evolutionary  vagaries  before  it  reaches  the  shape 
and  situation  in  which  it  is  found  in  the  higher  mammahan 
vertebrates.'  It  is  not  at  present  necessary  to  enter 
into  details  concerning  the  changes. 

Now  although  the  basilar  membrane  and  organ  of 
Corti  are  definitely  present  in  reptiles,  it  is  to  be  noted 
that  these  are,  in  most  cases,  so  small  that  the  bone 
or  cartilage  surrounding  the  whole  labyrinth  has  had  to 
undergo  hardly  any  change  to  accommodate  tliem. 
Thus,  in  Sphenodon  and  in  the  Chelonia  there  is  only  a 
slight  bulging  of  the  capsule  of  the  labyrinth  to  repre- 
sent what  is  ultimately  to  become  the  bony  cochlea.  In 
the  lizards  the  bony  capsule  has  been  displaced  a  little 
more  bv  the  growing  cochlea,  and  in  one  of  the  lizards, 
the  tcguLxin,  the  bom  has  been  tunnelled  out  into  a 
definite  tubv  to  accommodate  the  organ.  In  the  very 
highly  speciahsed  crocodilia  the  bony  tube  of  the  cochlea 
is  still  larger  and  is  definitely  bent  on  itself. 

Now,  while  these  remarkable  changes  arc  going  on  in 
respect  to  the  oval  window  and  the  cochlea,  the  other 
parts  of  the  lab\Tinth,  the  vestibule  and  the  canals, 
remain  practically  stationary.  And  the  same  is  true 
of  the  bony  or  cartilaginous  capsule  which  surrounds 
these  parts  of  the  labyrinth. 

It  is  not  necessary  to  enter  into  a  description  of  the 
evolution  of  the  labyrinth  in  the  birds,  as  they  are  not 
in  the  direct  mammalian  descent. 

Among  the  mammals  themselves,  the  monotrcmata 
offer  a  remarkable  similarity  to  the  reptiles.  The  organ 
in  the  monotremes  was  first  studied  by  Pritchard,  who 
showed  that,  though  the  orjjan  of  Corti  was  not  of  com- 
plete manuualian  ♦ype,  still  it  approached  more  closely 
to  that  than  to  the  type  found  in  the  reptile.  He  also 
showed  that  the  tube  of  the  cochlea,  though  propor- 
'  Gray.  /Vcy.  Hoy.  Soc.,  b.  Vol.  »<..  lyoH. 
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tionately  larger  than  in  the  reptiles,  was  only  beginning 
to  show  the  appearance  of  the  spiral  curvature  which  is 
so  characteristic  of  the  organ  found  in  other  mammals. 
In  respect  to  the  semicircular  canals  and  vestibule  these 
structures  show  no  advance  from  the  condition  in  which 
they  are  found  in  the  reptile. 

Passing  to  the  eutherian  mammals,  it  is  found  that 
the  cochlea  is  an  organ  still  undergoing  a  progressive 
evolution,  and  in  consequence  causing  alterations  in 
the  bone  which  surrounds  it.  The  tube,  increasing  in 
length,  takes  on  a  spiral  form,  and  the  bone  is  chan- 
nelled out  into  a  similar  shape.  There  is  no  need  to 
enter  into  details  further  in  respect  to  the  cochlea  of  the 
mammal.  There  arc  differences  in  shape,  size,  and  rich- 
ness of  nerve  supply.  In  respect  to  the  last  of  these,  it 
has  been  shown  that  among  the  animals  examined,  the 
human  cochlea  is  supplied  by  the  largest  number  of 
nerve-fibres.  This  point,  however,  must  not  be  allowed 
too  much  weight,  because,  in  regard  to  this  matter, 
the  number  of  species  examined  is  very  small.  It  is 
important  to  add  that,  in  the  eutherian  mammals,  the 
organ  of  Corti  has  undergone  still  further  specialisation, 
as  compared  with  that  found  in  the  reptile  and  mono- 
treme  mammal. 

The  vestibule  and  semicircular  canals  show  no  further 
devtlopment  beyond  that  found  in  the  monotrcme  and 
reptile. 

The  oval  window  ot  the  eutherian  mammal  differs 
from  that  of  the  monotremc  in  that  it  is  really  oval 
and  not  round,  as  in  the  latter. 

Compressing  into  a  sentence,  then,  the  facts  shortly 
described  above,  it  may  be  said  that,  so  far  as  tiie  direct 
ancestry  of  mammals  is  concerned,  the  semicircular 
canals  and  vtstibule  reached  their  full  deveiopnient  in 
the  fiHh,  and  have  made  no  further  advance.    The  oval 
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and  round  windows  and  the   ossicles,   as  well  as  the 
cochlea,  on  the  other  hand,  have  all  been  evolved  cer- 
tainly since  the  first  appearance  of  the  amphibians,  and 
very  possibly  may  even  have  had  no  existence  before 
the  appearance  of  the  reptiles.     These  latter  structures, 
therefore,  have  been  evolved  at  a  period  of  time  measured 
in  millions  of  jears  later  than  the  vestibule  and  canals. 
Leaving  for  a  moment  the  consideration  of  the  evolu- 
tion of  the  differing  parts  of  the  labyrinth,  it  is  necessary 
to  refer  again  to  the  relationship  between  otosclerosis 
and  heredity.      It  has  been  shown,  and  is  indeed  well 
known  to  every  aurist,  that  hereditary  tendency  plays  a 
considerable  part  in  the  incidence  of  the  disease.     At 
the  same  time  there  is  no  doubt  that  not  uncommonly 
no  .such  tendency  is  discoverable.     Nay,  even  in  a  single 
family  tree  it  has  been  shown  that  otosclero  is  may  make 
its  appearance  in  an  individual  in  whom  no  hereditary 
tendency  can  be  discovered.     Now,  in  previous  times 
this  might  have  be  en  looked  upon  as  an  example  of  the 
transmission  of  an  acquired  characteristic.      But  even 
among   those   biologists   who   may   still  believe   in   the 
transmission  of  acquired  character  in  one  sense  of  the 
term,    there    is    probably   none    who   would    maintain 
that  such  a  condition  as  otosclerosis,  in  all  its  complete- 
ness and  complexity,  could  be  transmitted  so  faithfully 
in  one  generation  as  a  pure  modification  resulting  from 
environment. 

I  venture  to  think  there  is  only  one  explanation  of 
these  facts  that  the  biologist  will  be  willing  to  accept, 
and  that  is  'that  otosclerosis  is  a  variation,  using  the 
term  in  its  biological  sense.  Hence,  the  condition  may 
arise  apparently  spontaneously,  and  yet  be  transmitted ; 
so  that  this  view  of  the  subject  enables  us  to  understand 
why,  although  a  large  mmibcr  of  cases  are  obviously 
hereditary,  yet  there  remain  not  a  few  in  which  the 
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affection  apparently  arises  dc  novo.  Again,  the  well- 
known  fact  that  in  the  inheritance  of  otosclerosis  a 
generation  is  sometimes  "  skipped,"  now  falls  naturally 
into  a  category  of  similar  examples  well  known  to  the 
biologist.  It  merely  means  that  the  tendency  to  varia- 
tion has  not  actually  become  manifest,  but  has  lain 
latent,  only  to  be  revealed  in  subsequent  generations. 

Now,  in  view  of  this  explanation  of  otosclerosis,  it  is 
not  difficult  to  see  why  the  search  for  some  single  general 
condition  of  the  body,  as  the  cause  of  the  disease,  should 
have  resulted  in  failure. 

The  primary  fault,  according  to  the  explanation  of 
the  disease  given  in  this  work,  is  not  a  general  one  at 
all,  but  is  an  inherent  defect  in  the  living  cells  of  the 
organ  of  hearing.  Anasmia,  pregnancy,  syphilis,  toxic 
products  circulating  in  the  blood,  exposure  to  extreme 
cold,  internal  secretions  either  normal  or  abnormal,  and 
all  other  general  constitutional  conditions  are  merely 
contributory  causes,  and  there  is  no  '■cason  to  suppose 
that  any  of  them  are  necessary  for  the  occurrence  of 
otosclerosis.  Similarly,  local  pathological  changes  in  the 
middle  car,  which  some  aurists  have  not  hesitate  to 
claim  as  being  tlr^  uniform  cause  of  otosclerosis,  are  not 
essential  to  the  mcidence  of  the  disease. 

It  is  doubtless  true  that  pathological  changes  in  the 
middle  ear  are  sometimes  present,  as  indeed  has  been 
shown  in  the  previous  pages  ;  but  it  is  e([ually  certain 
that  in  a  large  number  of  cases  there  is  no  middle  oar 
disease  at  all.  Incidentally  it  should  be  observed  that 
som'?  aurists  have  assumed  that  the  rosy  lint  over  the 
region  of  the  promontory,  which  is  characteristic  of  some 
cases  of  otosclerosis,  points  to  inflammatory  activity 
in  the  middle  ear.  From  post-mortem  examination  I 
have  found  that  such  is  by  no  means  the  case.  The  rosy 
•tint  is  merely  due  to  a  hyperemia  in  that  region,  and 
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indicates  the  presence  cf  activity  in  the  cells  in  the 
layers  of  the  bone  or  cartilage  below.  It  is  in  character 
similar  to  the  pink  coloration  found  at  the  epiphisial 
line  of  a  growing  bone. 

The  view  that  otosclerosis  is  a  variation  in  the  bio- 
logical sense,  and  therefore  innate  in  the  individual  as 
distinguished  from  an  acquired  modification,  explains 
many  of  the  curious  phenomena  associated  with  the 
condition. 

One  of  the  most  remarkable  of  these  is  the  absence  in 
almost  all  cases  of  any  interference  with  the  function  of 
the   vestibule    and  semicircular    canals,   even  in  those 
cases  in  which  the  cochlear  branch  of  the  auditory  nerve 
is   severely   affected.      In   the   preceding   pages   it   has 
been  shown  how  the  oval  and  round  windows  and  the 
cochlea,  both  in  regard  to  its  bony  capsule  and  to  the 
nerve  structures  appertaining  to  it,  are  of  mor--  recent 
evolution  than  the  remaining  parts  of  the   labyrinth. 
Now,  as  the  biologist  well  knows,  variations  are  more  apt 
to  occr.r  in  structures  that  are  of  comparatively  recent 
origin  than  in  those  of  more  ancient  descent.     Or,  to 
put  it  in  other  words,  a  structure  which  has  remained 
unchanged  for  many  ages  has  reached  a  degree  of  sta- 
bility which  is  not  to  be  expected  in  one  of  comparatively 
recent  development,  and  variations  are,  therefore,  more 
liable  to  manifest  themselves  in  the  latter.     In  view  of 
these   farts,   therefore,    the   reason   becomes  clear  why 
the  process  which  we  term  otosclerosis  selects  the  foot- 
plate of  the  stapes,  the  bony  walls  of  the  cochlea,  and, 
in  some  cases,  the  nerve  s!  uctures  of  the  organ,  while 
it   almost  invariably  leaves  the  other  portions  of  the 
l.ibyruith  untouched.     It  is,  of  course,  true  that  there 
are  larc  cases   of  otosclerosis  in  which  the  symptoms 
r-ferable  to  the  canals  and  vestibule  are  jiresent.     Kuleiid.i 
has  recorded  two  such  cases,  and  in  Table  III,  case  C  2, 
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of  the  present  work,  there  is  also  an  example  of  such, 
though  of  a  mild  type.  The  fact  remains,  however,  that 
such  symptoms  are  so  uncommon  that  their  absence  is 
one  of  the  characteristic  features  of  the  disease.  And  it 
further  is  a  very  significant  fact  that  there  is  no  recorded 
case,  so  far  as  I  am  aware,  in  which  the  semicircular 
canals  or  vestibule  have  been  affected  without  simul- 
taneous disturbances  in  the  cochlea.  McKcnzie  has  also 
shown  that  the  vestibular  reflexes  are  normal  in  oto- 
sclerosis. 

Further,  a  reconciliation  is  now  possible  between  the 
views  of  those  who,  like  Manasse,  hold  that  otosclerosis 
is  primarily  an  affection  of  the  nerve-structures  of  the 
cochlea,  and  the  view  of  many  other  aurists  who  look 
upon  the  condition  as  primarily  a  disease  of  the  bone. 
Since  the  highly  specialised  nerve  structures  are  evolved 
hand-in-hand  with  the  bony  channel  which  contains 
them,  the  one  accommodating  itself  to  the  other,  it  is 
not  at  all  surprising  that,  when  a  variation  occurs,  it 
sh(juld  be  liable  to  affect  both  structures  in  the  same 
individual. 

No  doubt  in  some  cases  the  variation  manifests  itself 
rather  as  a  change  in  the  nerve-structures,  while  in 
others  the  bony  changes  preponderate,  but  in  a  con- 
sid'  rabir  number  of  cases,  especially  in  the  later  registers 
of  life,  both  structures  are  apt  to  be  involved.  There  is, 
theiffore,  no  real  incMnsisteney  between  the  views  of 
thos>  who  hold  that  ot' -sclerosis  is  primarily  an  affection 
of  the  sound-perceiving  apparatus  and  those  who  look 
upon  the  changes  in  the  bone  as  beiiif^  the  essential 
feature  of  ih''  affection.  In  one  case  the  chan^'*;  may 
be  in  the  sound- perceiving  apparatus,  and  in  another 
it  may  be  in  tlie  bony  capsule,  and  in  yot  otln  rs  the 
pathological  ilianges  may  be  present  in  both  of  these 
structures. 
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In  the  preceding  pages  I  have  employed  the  method 
of  applying  our  knowledge  of  the  evolution  of  an  organ 
to   the    pathological   manifestations   which   may   occur 
in  that  organ.     This  is  a  principle  which  has,  of  course, 
been  appHed  to  e'  ,  -lain  certain  congenital  anatomical 
abnormalities,  but  ^j  far  as  I  am  aware,  it  has  not  been 
employed  in  unravelling  some  of  the  more  obscure  patho- 
logical processes  which  are  frequently  encoimtered  by 
the  physician  and  surgeon.     I  venture  to  think  that 
the  method  is  capable  of  far  wider  application  than  is 
possible  within  the  limits  of  a  work   which  deals  with 
the  pathogenesis  of  otos<  lerosis.     It  might  tentatively  be 
applied   in   particular   to    those    pathological    problems 
which  are  not  to  be  explained  b\  the  activity  of  a  specific 
micro-organism.    Thus  the  remarkable  frequency  with 
which  carcinoma  manifests  itself  in  the  breast,  the  rectum, 
and  the  uterus  may  be  explained  by  th.'  fact  of  the  great 
changes,    anatomical    and    physiological,    which    have 
taken   place   in   these   regions   ni   comparatively   recent 
periods  of  evolution.     Another  problem  to  which  this 
principle  might  be  applied,  is  that  which  deals  with  the 
occurrence   of    artcrio-sclerosis.     At    present,    however, 
these  interesting  pathological  problems  must  be  left  for 
future  consideration. 


Conclusions 
The   conclusions   arrived   at   in   the    foregoing   pages 
may  be  summarised  as  follows  : 

1.  Otosclerosis  is  the  manifestation  of  a  tendency  to 
variation,  using  the  term  in  its  biological  sense.  It, 
therefore,  possesses  the  qualities  of  variations  in  giiieral. 
Thus,  it  is  heritable  and  is  frequently  inherited,  but  at 
the  same  time  it  may  appear  apparently  spontaneously, 
and  even  in  such  cases  it  is  stiii  Heritable. 

2.  No  single  general  constitutional  condition  can  be 
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looked  upon  as  the  cause  of  the  disease.  Such  con- 
ditions may,  however,  play  an  active  part  in  making 
manifest  a  tendency  which  would,  otherwise  have  lain 
latent.  These  s<eneral  constitutional  conditions,  which 
may  evoke  the  variation,  may  be  quite  different  in 
different  cases.  And  it  is  the  duty  of  the  aurist  to 
investigate  this  matter  in  ev<  -y  case  with  the  utmost 
care  and  without  bias  in  respect  to  specific  conditions, 
such  as  tuberculosis,  syphilis,  anaemia,  pregnancy,  toxic 
absorption  from  the  alim.  utary  canal,  or  other  sources 
of  infection.  In  many  cases  no  such  general  condition 
will  be  found. 

3.  The  tendency  to  otosclerosis  may  be  influenced  by 
local  conditions  in  the  middle  ear,  Eustachian  lube,  or 
nasal  passages.  These  conditions  may  be  of  the  nature 
of  acute  or  chronic  inflammat;o!i.  On  the  other  hand, 
there  is  no  reason  whatever  to  suppose  that  middle  ear. 
Eustachian,  or  nasal  trouble  is  present  in  everv  ( .ise,  or 
even  in  the  maiority,  as  some  aurists  have  supposed. 

4.  In  many  cases  the  innate  tendency  of  the  cells  of 
the  organ  of  hearing  as  a  whole  Is  sufficiency  pro- 
nounced that  otosclerosis  will  become  manifest  without 
any  other  discoverable  pathological  condition,  local  or 
general.  Tiie  mere  physiological  processes  of  growth 
and  repair  are  sufficient  to  make  the  tendency  manifest. 

5.  The  variation  may  reveal  itself  in  the  nerve-struc- 
tures of  the  cochlea  nr  in  the  bony  capsule  of  the  organ, 
or  in  the  footpla  e  of  the  stapes  and  walls  of  the  oval 
window.  The  nerve-structures  of  the  tympanic  membrane 
and  of  the  external  meatus  are  frequently  affected,  as 
is  shown  by  the  diminished  sensitiveness,  and  by  a 
diminution  in  the  secretion  of  wax.  (Whether  the  nerve- 
cells  of  the  cerebral  cortex  associated  with  the  function 
of  hearing  are  also  affected  must  at  {)rescnt  be  con- 
sidered sub  judice.)     It  may  be  present  in  one  of  these 
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situation?  only,  or  in  all  together.  The  reason  of  this 
is  that  these  structures  have  all  been  evolved  in  corre- 
lation with  one  another  and  at  approximately  the  same 
period  of  the  evolution  of  the  race. 

6.  The  reason  whj'  the  structures  just  mentioned  are 
so  much  more  Uable  to  variation  than  the  vestibule  or 
the  can.  Is,  is  thai  they  are  of  very  much  inoie  recent 
origin  and,  therefore,  have  not  reached  the  same  degree 
of  stabilit'-  as  the  latter. 

The  bciii  ng  which  these  considerations  have  upon 
diagno  is,  prophylaxis,  and  treatment  is  in  many  respects 
obvious,  ut  this  asf)ect  of  the  subject  will  be  discussed 
in  another  chapter. 
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CHAPTER    IV 

PATHOLOOICAI^  ANATOMY 

One  of  the  numerous  difficulties  attending  the  investiga- 
tion of  otosclerosis  arises  from  the  fact  that  even  when  the 
temporal  bones  of  subjects  who  have  si'ffered  from  the 
disease  are  obtained,  they  can  practically  never  be  fresh, 
and  the  ceUs  have  lor  that  reason  undergone  post-mortem 
changes  before  being  fixed.  So  far  as  one  can  foresee, 
this  difficulty  will  always  remain. 

But  even  when  the  bones  have  been  obtained,  there 
is  the  further  difficulty  of  their  preparation  for  micro- 
scopic purposes.     This  difticulty  has  in  large  part  been 
overcome,    thanks    to    the    investigations    of    Politzer, 
Alexander,  Siebenman,  Bruhl,  Manasse,  and  others.     In 
spite  of  these  investigations^,  no  satisfactory  method  has 
been  described  ©f  making  the  microscopic  sections  suffi- 
ciently thin  for  the  proper  study  of  the  liner  details. 
The  embedding  medium  used  by  all  these  observers  was 
celloidin,  and  sections  obtained  by  this  method  are  at 
the  best  rather  thick,  though  in  other  respects  they  may 
be  admirable.     For  tliis  reason  the  writer  has  devisid 
a  method  of  microscopic  preparation  more  satisfactory 
in  some  respects,  though  less  so  in  others.     The  ()nlinary 
methods  of  decalcification  also  are  noi  very  iutisfactory, 
and  the  writer  therefore  devistjd  a  new  one. 

A  descri|)tion  of  these  methods  is.  therefore,  desirable 
in  t'le  interests  of  tliose  who  may  intend  to  work  upon 
the  ..natomy  and  pathology  .'t  the  organ  of  hearing. 
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After  the  bones  have  boon  removed  from  the  skull, 
the  preparation  is  reduced  by  means  of  a  fretsaw  to  the 
smallest  possible  size  consistent  with  absence  of  injury 
to  the  parts  to  be  examined.  Before  doing  this,  however, 
a  very  careful  examination  ot  the  middle  ear  and  ossicles 
should  be  mado  by  means  of  a  magnifying  lens,  and 
dny  abnormality  in  the  way  of  exostoses  changes  in  the 
muco-periosteum  should  be  noted  in  writing.  Above  all 
it  is  importa-^t  to  observe  whether  the  stapes  appears  to 
be  fixed  or  moveable.  It  is  desirable  also  to  obtain  a 
photograph  of  the  promontory  and  inner  wall  of  the 
tympanum  at  tliis  stage. 

A  small  hole  is  then  filed  in  the  convexity  of  the 
superio;  semicircular  canal,  another  in  the  horizontal 
canal,  and  a  third  in  the  lower  whorl  of  the  cochlea  at  the 
point  at  which  it  is  nearest  to  the  middle  hue.  This  last 
puncture  must  be  very  minute,  and  the  moment  the  fluid 
is  seen  coming  through  it  from  the  cochlea  the  prepara- 
tion .;iust  be  put  into  the  fixing  fluid. 

The  fixing  fluid  consists  of  a  solution  of  5  parts  of 
formalin  (Schering's)  with  95  parts  of  8o'}o  alcohol.  I'he 
amount  of  fluid  used  slijuld  be  considerable,  and  tlie 
bone  should  be  suspended  near  the  surface  by  a  thread. 
The  time  given  for  fixation  should  be  not  less  than  three 
days,  and  it  is  preferable  to  give  a  week.  VVasning  out 
shovild  be  done  in  about  70';,,,  akoliol,  and  need  not  take 
more  than  a  few  houni. 

The  preparation  is  next  put  into  the  decalcifying  fluid. 
This  consists  ot  fuming  nitric  acid  5  parts,  formalin  5 
parts,  watiT  yo  parts.  The  solution  must  be  prepared 
as  follows  :  .1  10",,  sohitioii  of  nitrit  acid  in  wutir  is  made 
up  and  kept  in  stock  in  laigi-  i|uaniiliis.  and  similarly  a 
io"„  solution  of  lormahn  in  vsat«T  is  kept  in  stock.  When 
reijuired,  e«|ual  parts  of  these  solutions  are  mixtil.  tims 
giving   5'\,    solutions   of  lacli.      Ilic   mixline   must   be 


"  ,1 .  v 


68 


OTOSCLEROSIS 


allowed  to  stand  for  a  few  hours  or  so,  and  the  prepara- 
tion is  then  put  in  for  decalcification.  The  reason  for 
this  delay  is  that  if  the  preparation  is  put  in  immediately 
the  solutions  are  mixed,  the  decalcification  process  is 
too  rapid  and  it  may  damage  the  delicate  parts  of  the 
specimen.  I  am  indebted  to  Dr.  G.  J.  Jenkins  for  this 
information,  and  I  have  fouiul  it  to  be  of  value. 

On  the  other  hand,  as  stated  above,  the  mixed  solution 
must  not  be  kept  in  stock  because  decomposition  occurs 
slowly  and  the  decalcifying  properties  become  much 
impaired.  For  the  same  reason  it  is  important  that  the 
solution  be  changed  frequently  ;  at  first  every  twenty-four 
hours  and  afterwards  twice  a  week  at  least.  Another  very 
important  matter  is  that  the  bone  should  be  suspended 
near  the  surface  of  the  fluid  by  a  thread.  This  allows 
diffusion  to  take  place,  and  decalcification  proceeds  more 

rapidly. 

The  decalcification  must  be  very  complete,  and  usually 
takes  two  months  or  even  more.  The  period  varies 
according  to  the  amount  of  fluid  used  and  the  frequency 
with  which  it  is  changed.  After  decalcification  the  pre- 
paration is  washed  out,  first  in  running  water  for  two  or 
three  hoars  and  then  in  7()';o  alcohol  for  a  week  or  two, 
the  alcohol  being  fre(iucntly  changed,  and  a  few  grains  of 
lithium  carbonate  added  at  each  change.  When  bhie 
litmus  paper  applied  to  the  surface  of  the  preparation 
no  longer  tiirns  red,  the  chniination  of  the  acid  may  be 
considered  sufticiently  complete. 

One  of  the  duliculties  very  freqrcntly  encountered  by 
the  anatomist  and  pathologist  when  making  microscoijic 
preparations  of  the  teiupoial  bone  is  tlu*  occurrence  of 
;iir-bubbles  within  the  labyrinth.  It  might  be  supposed 
that  this  is  a  minor  trouble,  but  in  reality  th«>  presence 
of  an  uii -bubble  in  the  co»  Idea  will  .,H)ii  llu  organ  for 
microscopic  e.\aininati'M..     1  have  frequently  Uen  con- 
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V. 


suited  with  regard  to  this  difficulty,  and  in  my  earlier 
work  I  could  find  no  way  of  overcoming  it. 

The  bubbles  arise  from  the  decalcifying  action  of  the 
nitric  acid  used  in  the  preparation.  At  one  time  I  was 
of  opinion  that  it  might  result  from  evaporation  of  the 
ether  in  the  celloidin  solution  used  in  embedding,  but  I 
have  since  found  this  view  to  be  incorrect,  certainly  in  the 
great  majority  of  cases,  if  not  in  all ;  for  if  the  prepara- 
tion be  put  int(j  a  clearing  agent,  such  as  cedarwood  oil 
or  beechwood  creosote,  before  the  celloidin  embedding 
takes  place,  the  bubbles  will  b<^  found  to  be  already  present. 
I  therefore  devised  the  following  artifice,  and  since 
employing  it  I  have  had  no  trouble  with  air-bubbles. 

Assuming  that  decalcification  has  been  thorough, 
and  that  the  acid  has  been  completely  washed  out,  the 
preparation  is  put  into  a  solution  of  5",,  formalin  in 
water  for  a  day  or  two. 

A  large  test  tube,  at  least  one  inch  in  diameter,  is  tlien 
filled  with  tap  water  and  boiled  for  twenty  minutes  or 
half  an  hour.  This  will  drive  off  all,  or  nearly  all,  the 
oxygen,  nitrogen,  and  carbon  dioxide  which  are  present 
in  any  water  which  has  been  exposed  to  the  air.  It  will 
also  considerably  diminish  the  amount  of  water  in  the 
test  tube,  but  enougli  will  still  remain  for  the  purpose. 
The  bunsen  tlame  is  tlun  turned  out.  and  a  layt'f  of  heavy 
paraffin  oi'  (previously  warmed  by  putting  the  bi)ttlc 
into  wa;m  water)  is  .intm'«liately  poured  on  to  the  surface 
of  the  water  in  the  test  tube.  ("  Burrotiglis,  Wellcome's  ' 
parole  n  suits  admirably  for  this  pi.ipose.)  The  layer  of 
oil  should  be  about  an  inch  thick.  This  prevents  Uw 
absorption  by  the  water  <>f  .my  gases  fmm  tin-  air.  The 
tiilx-  eoiitainiiig  the  water  and  |>arolein  is  then  allowed 
ti»  itH.l  thniiiughly.  The  bmie  is  tlien  diujiped  into  tiie 
test  tubi'  md  sinks  at  imee  to  the  bottom,  In  the 
course  of  twenty-foui  iiouis  the  water  will  have  absoibed 
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any  gas  that  may  be  present  within  the  labyrinth,  and 
the  preparation  of  the  c^iect  may  be  proceeded  wil'i. 
The  specimen  obtained  frt-n  Cases  III  and  IV  were 
prepared  in  this  way. 

The  next  stage  is  identical  with  that  employed  in 
celloidin  embedding.  The  preparation  is  placed  for 
forty-eight  hours  in  go'/o  alcohol,  then  for  twenty-four 
hours  in  absolute  alcohol,  then  for  twenty-four  hours 
in  a  mixture  of  equal  parts  of  ether  and  alcohol.  It  is 
then  put  into  thin  celloidin  solution  for  two  days,  then 
into  solution  of  medium  thickness  for  two  days,  and  next 
into  thick  celloidin  solution  for  two  or  three  weeks.  The 
celloidin,  with  the  preparation  in  it,  is  then  hardened  in 
the  usual  way,  either  in  85%  alcohol  or  in  the  vapour  of 
chloroform. 

After  hardening,  the  block  of  celloidin  is  pared  down 
to  the  bone  on  all  sides,  except  on  that  surface  on  which 
the  stapes,  the  round  window,  the  prumontory,  arc  to  be 
found.  On  this  surface  a  layer  of  celloidin,  about  one 
millimetre  thick,  is  left.  The  object  of  this  is,  of  course, 
to  prevent  injury,  and  to  give  support  to  the  mucous 
Hning  of  the  promontory,  the  round  window,  the  stapes, 
and  the  stapedius  tendon.  The  paring  away  must  be 
rapidly  done  in  order  to  prevent  tli<>  celloidin  from  becom- 
ing too  hard  as  the  spirit  evaporates.  In  fact  it  is  perhaps 
better  to  do  the  paring  down  after  the  next  step,  which 
consists  in  jilacing  tlu-  preparation  in  beerhwoo<l  creosote 
in  Old.  I  t(.g<t  rid  of  the  alcohol  or  chloroform,  as  the  case 

may  be 

The  prcp.iration  is  kept  in  l>ti<hwood  creosote  for  two 
or  three  days,  ami  the  creosote  is  changed  oner.  Tins 
gels  rid  of  iiw  <  lilor<if<irm  <.r  al.oliol  aiitl  any  water  wliii  li 
is  pivsriit  in  the  al.  uli..l.  it  is  tli.ii  |)Ut  into  ce(larwo.id 
oil  (or  at  Last  ,1  week,  tli.  oil  being  changed  twice,  (it 
is  very  important  that  the  codarwood  oil  should  be  quite 
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free  of  water.    This  may  be  achieved  by  adding  anhydrous 
sulphate  of  copper  to  the  oil.) 

If  the  celloidin  has  been  hardened  in  chloroform, 
the  creosote  stage  may  be  omitted,  the  preparation  being 
transferred  direct,  after  paring  down,  to  ccdarwood  oil. 
The  process  of  paraffin  infiltration  is  then  begun  by 
adding  small  pieces  of  paraffin  (45°  C.  melting-point)  to 
the  cedarwood  oil  in  which  the  preparation  is  soaking. 
It  is  important  to  notice  that  the  paraffin  must  not  be 
added  in  such  large  quantities  as  to  cause  solidification, 
for  then  penetration  ceases. 

The  preparation  is  kept  in  the  cedarwood  oil  and 
paraffin  wax  solution  for  at  least  a  fortnight,  the  object 
of  this  being  to  enable  the  paraffin  to  penetrate  as  well 
as  possible  at  first,  withoi  1  the  aid  of  heat. 

The  next  step  is  to  replace  the  cedarwood  oil  by 
chloroform,  while  still  retaining  the  i)araffin  in  the  pre- 
paration. This  is  done  by  putting  the  latter  into  a 
saturated  solution  of  paraffin  (45°  i' .  melting-point)  ui 
chloroform,  the  solution  being  changed  <)nc(>  or  twice  in 
the  course  of  two  days.  From  this  solution  the  prt>para- 
tion  is  transferred  to  the  jmre  melted  paraffin  (45°  (  .)  in 
the  oven.  The  temperature  of  the  oven  must  be  kept 
accurately  at  45°  ('.  or  at  most  46". 

The  preparation  should  not  be  kept  in  the  melted 
paraffin  more  than  four  hours,  and  the  paraffin  should  be 
changed  oiire  at  least.  If  left  much  longer  in  the  nieltcd 
paraffin,  the  heai  tends  to  harden  and  contract  the 
celloidin.  and  this  cannot  be  rem».died  afterwards.  The 
tissttes  themselves  are  by  this  time  very  hard,  but  they, 
on  tlie  otiier  liand,  can  be  softened,  as  will  be  described 

later. 

F.mlx'dding  next  takes  place  in  the  usual  way  with 
paraffin,  the  pn  ;)aration  b.ing  oriented  as  tlie  (taratfin 
hardens.     It  is  then  mounted  on  a  "  stabilil  "  binck.  care 
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being  taken  to  have  it  properly  oriented.  The  edges  of 
the  paraffin  mass  are  then  pared  down  as  far  as  possible, 
consistent  with  the  edges  being  at  right  angles  to  one 
another  to  permit  of  serial  section  cutting. 

It  might  be  thought  that  the  preparation  would  now  be 
ready  for  cutting,  but  one  more  step  is  necessary.  The 
decalcified  bone  is  very  hard,  and  it  is  necessary  to  soften 
it.  This  is  done  as  follows.  1  he  paraffin  is  cut  away,  in 
a  smooth  horizontal  plane,  until  tho  upper  surface  of  the 
preparation  is  reached.  Several  layers  of  the  preparation 
are  then  removed,  leaving  a  flat  surface  of  paraffin  with 
a  considerable  surface  of  the  tissues  of  the  preparation 
exposed  on  it.  The  whole  block  is  now  transferred  to 
the  following  solution  :— alcohol  (60  or  70%)  2  parts, 
glycerin  i  part.  In  the  course  of  a  few  days  the  solution 
has  softened  the  tissues  on  the  surface  and  the  latter 
stand  out  in  relief  above  the  paraffin. 

The  process  of  cutting  the  sections  is  now  begun. 
The  solution  is  wiped  from  the  surfaces  of  the  block 
which  is  then  put  in  the  m.icrotome  ;  and  sections  are 
cut  with  the  knife  at  right  angles,  as  by  the  ordinary 
mi'thod. 

It  is  not  advisable  to  cut  more  than  one  millimetre  in 
thickness  of  the  prej)aratioi:  at  one  sitting,  because  the 
alcohol  and  glycerin  solution  does  not  penetrate  deeper 
than  that  and  the  tissues  become  too  hard  for  the  knife. 
Therefore,  after  a  scries  of  sections  has  been  made  from 
the  ui)peiniost  millimetre,  the  block  is  removed  from  the 
microtome  and  replaced  in  the  alcohol  and  glycerin 
solution,  where  it  is  allowed  to  soak  for  a  day  or  two. 
Another  series  of  the  uppermost  milliinetre  is  then  rut 
and  nunint'd,  and  llie  l)lo(  k  again  rephu  ed  in  the  solu- 
tion, and  so  on  until  the  whole  preparation  has  been  cut. 

For  staining  also  a  new  method  has  Ix'en  iKvised  in 
order  to  ubviate  the  difhculty  which  arises  whvn  thin 
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sections  of  decalcified  bone  are  stained  in  watery  solu- 
tions.   Watery  solutions  cause  such  marked  swelling  of 
the  cartilage  that  the  sections  are  apt  to  float  off  the 
sUde.     The  staining,  therefore,  is  done  as  follows.     The 
slides,  with   the  sections  adhering,  are   put  for  a  few 
minutes  into  a  bath  of  one-eighth  per  cent,  solution  of  iron 
alum  in    70%  or  "    %  alcohol.      They  are  then  washed 
out  thoroughlv  for  a  minute  or  two  in  70%  alcohol.   Next 
thry  are  transferred  to  a  bath  of  one-tenth  per  cent, 
solution  of  ha^matoxaUn  in  70%  alcohol-     After  this  they 
are  again  thoroughly  washed  out  in  7o';o  alcohol.     From 
this  they  are  dehydrated  in  95%  alcohol,  cleared  in  beech- 
wood  creosote  or  a  mixture  of  cciual  parts  of  beechwood 
creosote  and  xylol,  and  are  mounted  in  canada  balsam. 
Other  stains  can  be  used,  of  course,  for  sjx^cial  pur- 
poses, but  it  must  be  remembered  that  anilin  stains  give 
rather  unsatisfactory  rcst'lts  in  photo-micrography. 

It  will  be  gathered  from  the  above  that  the  whole 
process  is  slow  and  requires  great  rare  and  patience. 
When  the  sections  come  to  be  examined,  however,  it  will 
be  found   that   the   time   and   patience   have   been  well 
spent,  for  they  arc  superior  to  those  prepared  by  any  of 
the  purely  cclloidin  processes.     In  fact  the  method  just 
described  is  the  only  way  by  which    I  have  found  it 
possible  to  get  sections  of  the  temporal  bone  sufficiently 
thin  for  satisfactory  examination  by  the  hifjher  powers  of 
the  microscope.     Further,   the  thinness  of  the  sections 
permits  of  photo-micrography  even  by  the  higher  p(;wcrs 
of  the  microscopt".     The  objections  to  thi;,  method  are 
the  tini(>  and  patience  required,  and  the  risk  of  destroying 
the  5>ri  panition  during  the  aumerotis  processes  e  tailed. 
T!.e  <iUl.r   proi.ss  is  irrtainly  safer,   but   the  M<ti.>ns 
obtained  are  nut  so  good. 

During  the  past   four  years  the  writer  has  had  the 
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opportunity  of  making  post-mortem  examinations  on 
four  cases  of  otosclerosis,  three  of  which  !iad  been 
examined  during  life.  Two  of  the  cases  were  clinically 
in  a  comparatively  early  stage  of  the  disease  at  the  time 
of  death,  and  the  significance  of  the  pathological  changes 
revealed  by  the  post-mortem  are,  therefore,  particularly 
interesting, 

In  each  case  the  clmical  report  will  first  be  given,  and 
the  anatomical  changes  then  described. 


Case  I  (Figs.  1-5) 

Mrs.  C  ,  .-El.  35.  Has  suffered  from  phthisis  pulmonalis 
for  the  last  two  years.  Lulnesc  of  hearing  was  first 
noticed  three  years  ago,  when  the  patient  was  apparently 
in  perfect  health.  The  onset  of  the  deafness  v/as  gradual, 
and  unaccompanied  by  any  other  symptom.  The  patient's 
general  condition  at  present  is  comparatively  goo'.,  in 
spite  of  the  lung  disease.  There  is  no  wasting  nor  rise  of 
temperature  nor  night  sweats. 

With  regard  to  the  family  history,  no  record  of  deafno  .s 
could  be  discovered  among  the  families  of  eithci  of  the 
parents,  or  among  any  of  the  patient's  cousins. 

At  rare  in  -rvals  the  pn  '^nt  suffers  from  tinnitus, 
which  is  of  the  character  of  bells  ringing.  The  tinnitus 
only  lasts  for  a  few  mmutcs  ;  otherwise  thco  are  no  other 
subjective  sound  sensations.  Paracusis  Willisii  has 
never  been  noticed. 

On  examination  the  membranes  are  almost  normal 
in  appearance,  but  there  is  perhaps  a  slight  indrawinp!;. 
There  is  no  pink  ting(>  over  the  ngion  of  the  iJrotnontory. 

The  whispered  vou-v  (normally  heard  at  6  yards)  is 
heard  at  a  distance  of  2  feet  from  the  right  ear,  and  at 
from  6  to  9  inches  from  the  left  ear. 
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Weber :   Fork  heard  equally  well  in  both  ears. 
Rinne's  test :    Right,  -  12.    Left,  -  I5- 
Schwabach's  test :   Right,  +  5-     Left,  +  6- 
Low  notes  :  Lost  below  nt,  in  both  ears  by  air  conduc- 
tion, but  all  are  well  heard  by  bone  conduction. 
Galton's  whistle:     The  high  notes  are  heard  up  to 
normal  range  in  the  righ+  ear,  but  in  the  left  ear 
there  is  a  very  slight  loss  at  the  upper  end  of  the 

scale. 

Gelle  .  test :    Bone  conduction  is  unaffected  by  air 
p     .sure  in  either  meatus. 

On  inflation,  air  passes  freely  into  the  tympanum  and 
there  is  apparently  a  very  shght  improvement  after- 
wards.    This  improvement  is  very  fleeting. 

Three  months  after  the  cHnical  examination  had  been 
luade.  the  patient  died  very  suddenly  from  haemoptysis. 
The  general  hralth  liad  continued  remarkably  good  until 
this  seizure,  and  the  hearing  had  undergone  no  n*  ticcablr 

change. 

Post-mortem  Examination.— At  the  necropsy  the  bones 
of  the  head  pre.ented  no  abnormal  ai)pearance.  Both 
temporal  bones  were  removed  and  fixed  for  four  days 
in  a   mixture  of   formalin  3  parts,  rectified  spirits  t)7 

parts. 

On  naked-eye  examinativ)n  ..f  the  right  ear  the  following 
conditions  were  f nnul.     The  outer  ear  was  n.cnnal  in 
overy  respict.     The  middle  ear  also  presented  no  abnor- 
ma\iiy.  but  it  is  interesting  to  note  that  there  was  a 
dehiscent    vr.  the  floor  of  the  tympanum,  and  ihc  bulb 
of  tlio  jugular  vein  pioiccted  into  the  tympanic  cavity. 
Tlir  tnu...us  membrane  was  porfoetly  normal,  and  the 
two  outer  ossicles  wcir  move;.!)!.-.     Thv  stapes  appeared 
t;.  !)<•  fixed  or  at  i<:st  partially  so,  but  on  aooimt  of  the 
i.n}Mnti»nfe  of  not  damaging  the  pre  paratiovi,  very  little 
force  wa.^  used  in  testing  tlie  uu.biUty  >1  Ibis  oFoii  le.    No 
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adhesions  were  found  anywhere  in  the  tympanum,  though 
such  were  very  carefully  looked  for. 

The  left  ear  showed  no  abnormality  so  far  as  the  outer 
ear  was  concerned.  The  middle  ear  contained  a  large 
amount  of  exuded  bloody  serum,  obviously  a  condition 
of  very  recent  occurrence  and  probably  during  the  death- 
agony.  On  removal  of  this  serum  the  mucous  membrane 
appeared  to  be  normal,  but  it  was  difficult  to  be  sure  of 
this  on  account  of  the  staining  effects  of  the  bloody 
serum.  The  ossicles  were  normal  in  appearance,  and  the 
two  outer  ossicles  were  moveable.  The  stapes  appeared 
to  hf  fixed,  but  this  point  was  doubtful,  very  httle  force 
being  used  in  testing  the  degree  of  iiiobihty.  No  adhe- 
sions were  found  in  the  tympanic  cavity.  There  was  no 
dehiscence  of  the  floor  of  the  tympanum  on  this,  the  left 
side. 

Microscopic  Examination,  Eight  Temporal  Bone.— From 
the  series  uf  sec^'ons  cut  by  the  method  previously 
described,  the  following  conditions  were  found. 

The  labyrinth  and  the  surrounding  temporal  bone 
present  a  perlcctlv  normal  appearance  in  all  parts,  except 
over  a  very  small  region  in  front  of,  above,  and  below 
the  oval  window.  In  this  small  affei  ted  region  iho  bony 
capsule  of  the  labyrinth  ha^  undergone  that  ^.rofound 
change  characteristic  of  otosclerosis. 

The  affecttd  region  is  sharply  delimited  from  the  nr- 
fiunding  bone  and  stains  more  deeply  with  hsmatoxyiin. 
With  regard  to  this  characteristic,  however,  it  will  bo 
seen  that  the  staining  is  not  equally  strong  throughout. 
Thus,  as  shown  in  fig.  ->,  the  outer  and  larger  portion, 
wliich  \n'<.  tow  irds  the  tympanii  and  articular  surfaces, 
is  moic  tleeply  stained  tlian  the  inner  and  smaller  portion 
which  lies  in  the  cleft  between  the  vestibule  and  the  first 
whorl  of  the  cochlea.  The  passage  from  the  one  portion 
to  the  other  is,  however,  gradual,  being  in  niarked  contra  i 
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to  the  sharp  Une  of  demarcation  separating  the  whole 
affected  area  from  the  normal  labyrmthine  capsule  which 
has  been  referred  to  above. 

It  will  be  observed  that  the  affected  portion  of  bone 
does  not  quite  reach  the  wall  of  the  cochlea  itself,  and  it 
may  be  added  that  in  none  of  the  whole  series  of  sections 
does  this  occur.     Thus,  in  this  case  there  is  always  a 
layer  of  the  normal  bony  capsule  between  the  cochlea  and 
the  diseased  bone,  a  condition  which  does  not  occur  in 
many  cases.     It  should  also  be  observed  that  in  that 
region  where  the  affected  bone  reaches  to  the  muco- 
periosteum  of  the  middle  ear,  this  muco-periosteum  is 
slightly  thickened.     In  the  other  portions  it  is  of  normal 
thickness.     The    thickening    of     the    muco-periosteum 
shows  no  sign  of  round-celled  infiltration  or  of  iitiamma- 
tory  activity. 

The  porous  character  of  the  affected  region,  especially 
in  the  deeper  stained  portion,  is  in  marked  contrast  with 
the  dense  bone  of  the  normal  capsule.  The  larger  spaces 
of  the  affected  portion  have  a  network  appearance  which 
is  due  to  the  presence  of  marrow.  In  many  of  the  spaces 
blood-vessels  are  seen,  and  it  may  be  noted  that  the 
spaces  communicate  freely  with  one  another. 

On  examination  with  the  higher  powers  of  the  micro- 
scope it  is  found  that  the  large  spaces  in  the  most  deeply 
stained  region  of  the  affected  area  are  surrounded  by 
lamellje,  similar  to  those  found  in  normal  bone ;  a  condi- 
tion which  is  evi(U  ally  due  to  the  activity  of  the  osteo- 
blasts.    The  lanu  nation,  howevei,  is  not  perhaps  quite 
so  perfect  as  i^  found  in  normal  bone,  but    the  most 
noticeable  feature  is  in  regard  to  the  osteoblasts  them- 
selves, which  are  rounder  ana  plumper  than  in  normal 
conditions.     At    the    same    time    this    portion    presents 
structural  appearances  rather  like  normal  si)ongy  bone, 
except  for  the  fact  that  it  stains  deeply,  and  that  osteo- 
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dasts  are  entirely,  or  almost  entirely,  absent.  In  this 
particular  case  it  is  the  deeply  stained  portion  which  is 
nearest  to  the  oval  window  and,  indeed,  comes  actually 
up  to  the  wall  of  the  latter. 

On  passing  frim  this  more  deeply  stained  portion  to 
that  which  is  less  deeply  stained,  a  gradual  change  is 
noticed  in  several  respects.  Besides  the  fact  that  the  latter 
portion  stains  less  deeply,  it  is  found  that  the  large  spaces 
become  fewer  in  number.  Further,  the  tissue  between 
the  spaces  is  much  less  rich  in  small  cells  and  more  homo- 
geneous in  character,  and  osteoclasts  are  present.  The 
most  striking  features,  however,  are  the  absence  of  cells 
which  can  be  called  osteoblasts,  and  the  absence  of  any 
lamellation.  Near  the  sharp  Hne  of  demarcation  which 
separates  the  less  deeply  stained  portion  of  the  diseased 
area  from  the  still  more  faintly  staining  normal  bony 
capsule  the  number  of  large  cells  (osteoclasts)  is  increased. 
These  cells  of  Hie  osteoclast  type  frequently  lie  in  actual 
contact  with  the  normal  bone  of  the  capsule.  The  present 
writer's  findings  in  this  respect  do  not  agree  with  those 
of  Manasse  in  general,  though  that  authority  admits 
that  perhaps  in  some  cases  osteoclasts  may  be  found 
absorbing  the  bony  tissue  of  the  capsule  just  outside  the 
diseased  area. 

It  is  intercbting  to  observe  that  there  is  no  sign  of  any 
inflammatory  process  anywhere,  either  in  the  area  of 
new-formed  bone  or  in  the  neighbouring  portion  of  the 
normal  bony  capsule.  Even  tl.o  slight  thickening  of  the 
muco-{X'riostiiun  over  the  diseased  bone  near  the  oval 
window  shows  no  evidence  of  roind-celled  infiltration 
or  other  signs  of  inflammatory  activity. 

Before  leaving  the  description  of  the  change  in  the 
bony  capsule,  it  is  to  be  noted  tliat  the  area  of  new- 
formed  sjM)ngy  bone  e.vtends  riglit  up  to  tlie  stapedio- 
vcstibular  articulation,  but  at  no  point  in  any  of  the 
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sections  does  it  pass  beyond  this  limit.  Thus  the  stapes 
remains  free  from  bony  union.  At  the  .same  tinn'  it  may 
be  seen  in  some  of  the  sections  that  the  new-formed  bone 
has  expanded  both  internally  and  e.xternally  to  the  tip 
of  the  footplate  of  the  stapes,  so  that  the  latter  lies  in  a 
groove  in  the  oval  window.  Hence  the  effect  of  this 
change  would  be  to  impede  the  movements  of  the  stapes 
to  a  certain  extent.  This  effect  would  be  increased  by 
the  thickening  of  the  muco-periosteum  of  the  tympanum 
in  the  immediate  neighbourhood  of  the  footplate  of  the 
stapes. 

The  tensor  tympani  and  stapedius  muscles  are  quite 
normal. 

Blembranous  Structxues. — The  soft  structures  of  the 
labyrinth  do  not  show  any  sign  of  pathological  change. 
There  is,  of  course,  as  is  inevitable,  much  evidence  of  post- 
mortem change,  but  there  is  none  which  can  be  looked 
upon  as  even  suggestive  of  a  diseased  condition.  Thus 
the  organ  of  Corti  differs  from  the  normal  structure  as 
seen  in  freshly  fixed  specimens  (such  as  can  only  bo 
obtained  from  animals)  only  in  regard  to  the  obviously 
post-mortem  disintegration  jf  the  hair  cells,  supporting 
cells  and  cells  of  Hens«.a.  Although  the  hair  cells  have 
undergone  disintegration,  the  hairs  themselves  remain 
as  under  normal  conditions.  The  tunnel  of  Corti  is  quite 
normally  arched,  there  are  no  adhesions  I'ither  of  tl»o 
tectorial  membrane  or  of  Reissner's  membrane  to  the 
upper  surface  of  the  organ,  Tl»e  ligamentum  spirale 
shows  no  sign  of  atrophy  or  degeneration,  and  the  stria 
vascularis  is  perfectly  healthy  in  appearance.  The 
ganglion  cells  of  the  ganglion  spirale  show  no  departure 
from  the  normal  beyond  those  characteristic  of  post- 
mortem changes.  Finally,  the  cochlear  and  other 
portions  of  the  auditory  nerve  appear  to  be  (juite 
healthy. 
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All  the  soft  structures,  including  the  nerves  of  the 
internal  ear,  present  a  normal  appearance. 

Blicroscopic  Appearance  in  the  Left  Ear. — The  appearance 
presented  by  the  le^t  ear  reveals  the  extraordinary  sym- 
metry, both  in  extent  and  character,  of  the  disease. 
In  fact  a  description  of  the  appearances  on  the  left  side 
is  httle  more  than  a  recapitulation  of  those  already 
described  on  the  right  side. 

The  affected  area,  which  measures  about  i  mm.  in 
diameter,  is  sharply  vljmarcated  from  the  surrounding 
normal  bony  capsule.  Posteriorly  it  reaches  right  up  to. 
but  does  not  actually  pass,  the  margin  of  the  oval  window. 
There  are  no  cartilage  cells  remaining  on  the  vestibular 
aspect  of  the  stapedio-vestibular  articulation.  On  its 
outer  aspect  the  diseased  aiea  extends  up  to,  and  lies 
in  contact  with  the  muco-periosteum  of  the  tympanic 
cavity,  and  in  this  region  the  muco-periosteum  is  slightly 
thickened.  In  other  portions  this  membrane  is  normal. 
Anteriorly  and  internally  the  diseased  focus  reaches  as 
far  as  the  membranous  wall  of  the  cochlea,  so  that  over 
a  very  small  area  the  two  are  in  r-ntact.  In  this  respect, 
therefore,  the  left  side  differs  from  the  right. 

With  regard  to  the  details  of  the  changes  in  the  disea  ^-d 
focus,  these  are  very  similar  to  those  found  on  the  right 
side. 

There  is  a  posterior  and  external  portion  which  stains 
particularly  deeply,  and  an  anterior  and  internal  portion 
which  stains  rather  less  deeply  than  the  former,  but  more 
deeply  than  the  adjacent  normal  bony  tissue  of  the 
capsule.  Of  these  two  portions,  the  outer,  more  porous 
and  more  deeply  staining,  is  much  larger  than  the  inner 
and  less  deeply  staining  portion.  The  more  deeply  staining 
portion  shows  comparatively  good  formation  of  new  bone ; 
that  is  to  say,  the  lame.lation  is  regular  and  similar  to 
that  found  in  normal  bone.    The  osteoblasts,  however, 
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Case  I — Fig.  i 

RIGHT   EAR 

Horizontal  Section  through  the  Petrous  Portion  of  the 
Temporal  Bone,     x  8 

/.  Facial  ne-  ve. 

h.  Horizontal  semicircular  canal. 

Po.sttrior  semicircular  canal. 

Internal  auditory  meatus. 

Vestibule. 

Footplate  of  stapes. 

Stape<lio-vestil)ular  articulation.     There  is  no  ankylosis. 

Focus  of  (liseaseil  porous  bone  in  front  of  the  oval  window. 
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Case  I — Fig.  2 

RIGHT   EAR 

Section  through  the  Focus  of  Diseased  Porous  Bone,    x  80  ca. 

0,  o.  Old  normal  bone  of  the  capsule  of  the  labyrinth. 
d,  d.   Line  of  demarcation. 
/,  /.  Focus  of  diseased  porous  bone.     It  is  highly  vascular,  and  the 
spaces  contain  marrow  in  considerable  (juantities.     The  top 
left-hand  portion  of  the  photograph  shows  the  portion  of 
diseased  bone  which  is  stained  rather  more  faintly  than  the 
rest.     The  same  peculiarity  is  found  in  the  left  ear  (see  Jig.  5). 
The  diseased  bone  is  laminated  like  ordinary  bone. 
V.  Vestibule. 

s.  Stapedio-vestibular  articulation.     There  is  no  ankylosis,  but  the 
diseased   bone   reaches  to   the   articular   surface  of   the  oval 
window. 
m.  Mucous  lining  of  tympanum. 
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Case  I — Fig.  3 

RIGHT   EAR 

Section  across  the  Line  of  Demarcation  and  Adjacent  Regions 

X  170  ca. 

To  the  left  and  below  is  the  faintly-stained  old  normal  bone  of 
the  labyrinthine  capsule.  In  the  upper  part  of  the  photograph  is 
shown  a  portion  of  the  diseased  focus  of  bone.  This  diseased  portion 
is  divided  into  two  regions,  right  and  left.  The  region  to  the  right 
does  not  stain  deeply,  and  the  cellular  elements  of  which  it  is  com- 
posed are  not  very  sharply  defined.  It  consists  of  irregular-shaped 
protoplasmic  masses  with  many  nuclei ;  these  are  giant-cells  or  osteo- 
clasts. They  oro  formed,  according  to  Kolliker,  by  the  fusion  of 
the  osteoblasts.  They  have  absorbed  the  mineral  and  other  com- 
ponents of  the  bone,  and  consequently  lamcUation  is  quite  absent. 
This  is  the  most  recently  affected  portion  of  the  bone,  and  in  it  there 
is  no  deposit  of  new  bone  nor  are  marrow-spaces  present.  The  darker 
stained  region  above  and  to  the  left  of  that  just  described  shows  the 
stage  in  which  new  hone  is  beginning  to  be  deposited  and  marrow- 
spaces  are  Ix'ing  formed.  Osteoblasts  arc  seen,  but  the  new-formed 
bone  does  not  yet  possess  the  lamellated  structure  of  normal  bone. 
The  latter  may  be  seen  in  fig.  1. 

c,  c.  Normal  bone  of  capsule  of  the  labyrinth. 

d,  d.  Line  of  demarcation. 

a.  Region  in  which  the  bone  of  the  capsule  has  been  absorbed, 
but  in  which,  as  yet,  no  new  bono  has  been  deposited. 

ft.  Region  in  which  new  bone  is  being  deposited,  hence  the  deeper 
staining.    There  is,  however,  no  lamellation. 
g,  g  Giant-cells  or  osteoclasts  in  the  region  in  which  the  old  bono 
has  been  absorbed. 
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Case  I — Fig.  * 

LEFT  EAR 

Horizontal  Section  through  the  Petrous  Portion  of  the 
Temporal  Bone,    x  8 

n.  Focus  of  diseased  porous  bone.    Deeply  stained. 
/.  Footplate  of  stapes. 
V.  Vestibule, 
m.  Cochlear  branch  of  auditory  nerve,  lying  in  the  internal  auditory 

meatus. 
p.  Posterior  semicircular  canal. 
k.  Horizontal  semicircular  canal. 
/,  Facial  nerve. 
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Case  I — Fig.  5 

LEFT   EAR 

Section   through   the  Focus  of  Diseased  Porous   Bone.    The 
Diseased  Bone  is  Stained  Dark  ;    the  Old  Normal  Bone  is 

MORE  FAINTLV  STAINED.      X  8o  ca. 

*.  Stapodio- vestibular  articulation.     The  anterior  termination   of 
the  footplate  of  the  stapes  is  seen.     There  is  no  bony  ankylosis, 
but  the  diseased  porous  bone  reaches  to  the  articular  surface 
of  the  oval  window. 
i^.  Vestibule. 
/,  /.  Focus  of  diseased  porous  bone.     It  is  rich  in  blood-vessels,  and 
many  of  the  spaces  contain  marrow.     A  portion  of  the  fqpus 
in  the  lower  left-hand  region  is  stained  slightly  paler  than  the 
rest. 
d,  d.  Line  of  demarcation. 

o,  0.  Old  normal  bone  of  the  capsule  of  the  labyrinth 
t.  Tympanic  plexus, 
m.  Mucous  lining  of  tympanum. 
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5.  StajpetlJa  vestibaiar  articulati'  n.    The  anterior  termination   ot 
the  footpie-te  oi  the  stapes  is  seen.     There  is  oo  iK-ny  aJikyK-si*, 
,    but  the  diseased  porous  rune  reaches  to  thu  articu!  .  snrlaca 
of  the  oval  windOx^'. 
,   Vestibule. 
/,  /.  Focus  ot  ihaeaaed  porous  bone.     It  is  rich  in  b!oc<l- vessels,  and 
inaay  of  tile  iipaiea  contain  >  .  .'t/..       a  ,...,<...v,5  t,\  ^5,.  |qpu<« 
in  thu  tower  it«ft-fc»s>ii  ir^-  ,i<  j  U-iaa  IH' 
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f. '9  O1  <  •K»rmal  brnw  of  the  ««psuk  o!  £^  JafoyxmtJi 
.'.  ■i>i'n>ani<  plexus. 
m.  Mucoue  tisiog  of  fv^'mfianaiti . 
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are  rounder  than  is  normally  the  case  in  bone  and  the 
canaUcuH  are  not  so  weU  developed.  Marrow  is  present 
in  the  larger  spaces  and  blood-vessels  are  also  found  in 

them. 

In  the  more  fainiiy  stained  portion  ci  the  diseased 
area  the  structure  presents  a  less  organised  appearance. 
There  is  a  considerable  amount  01  app"  vently  granular 
debris,  and  amongst  this  there  are  many  large  ceUs, 
very  similar  to,  if  not  identical  with,  o?teoclasts.  There 
is  no  lamellation  in  this  portion  of  the  diseased  area. 
Osteoblasts  are  not  found. 

At  certain  points  in  the  line  of  dem.ar'-atiou  evidently 
newly  formed,  or  rather  newly  forming,  blood-vessels 
may  be  seen  passing  outwards  from  the  diseased  area 
tlirough  the  line  of  demarcation  into  the  surrounding 
normal  bony  capsule. 

The  tensor  tympani  and  stapedius  muscles  are  quite 

nnrmal. 

In  respect  to  the  soft  stnictures  of  the  inner  ear,  there 
is  nothing  more  to  be  said  than  that  these  present  a 
normal  appearance  throughout.  The  organ  of  Corti 
shows  signs  of  post-mortem  disintegration  exactly  similar 
to  those  found  in  examination  of  normal  human  temporal 
bones  which  have  been  put  in  fixing  fluid  a  considerable 
time  after  death.  The  changes  are  similar  to  those  found 
on  the  right  side  and  described  in  the  preceding  pages. 

It  must,  however,  be  emphasised  that  although  no 
pathological  changes  are  discoverable  in  the  nerve  struc- 
tures of  the  inner  ear,  this  does  not  mean  that  patholo- 
gical changes  are  necessarily  absent.  It  only  signifies 
that  if  any  such  changes  are  there,  they  are  not  revealed 
by  our  present  methods  of  microscopical  investigation. 
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Case  II  (Figs.  6-8) 

Mrs.  N.,  ast.  49.  The  patient  has  been  the  victim  of 
phthisis  pulmonalis  for  the  last  three  years,  and  her 
general  health  has  been  poor.  Dulness  of  hearing  began 
about  one  year  ago,  with  a  gradual  onset  and  without 
any  pain  or  discharge.  Tinnitus  was  first  noticed  a 
Uttle  time  after  the  onset  of  the  deafness,  and  has  ron- 
tinued  constantly  ever  since.  It  is  pulsating  in  char- 
acter, "  like  the  throbbing  of  an  engine."  It  is  present 
in  both  ears,  but  worse  in  the  left,  and  in  neither  ear  is  it 
distressing.  Paracusis  is  noticeably  present.  Of  a  family 
of  three,  the  patient  is  the  only  one  who  is  dull  of  liearing. 
The  father  was  slightly  deaf,  but  this  was  attributed  to 
boiler  making.  The  motlier  was  not  dull  of  hearing,  nor 
is  t!  J-  patient  aware  of  any  deafness  among  her  uncles, 
aunts,  or  cousins. 

The  hearing  becomes  worse  in  wet  weather.  There 
have  been  one  or  two  very  slight  attacks  of  giddiness,  but 
this  has  been  attributed,  and  probably  correctly,  to 
general  ill-health,  the  result  of  the  lung  disease. 

Examination. —A  considerable  amount  of  wax  was 
present  in  both  ears.  After  this  had  been  removed  the 
following  conditions  were  foiuid  : 

Ri^ht  fa/-.— The  tynipanir  membrane  apiuars  to  be 
normal  in  every  respect.  There  is  no  rosy  tint  present 
over  the  region  of  the  promontory.  Watch  heard  at  a 
distance  of  2  inches  (normal  distance  2  J  yards).  Whisper, 
l^  f.(t  (normal  6-7  y.uds).  Conversation  voice,  2J  .? 
y.iids. 

Schwabach's  lest,   +  4. 

Rinne's  test,   -   7. 

High  notes,  no  appreciable  loss. 

On  intlation,  air  enters  the  tympanum  freely,  but  there 
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is  no  very  noticeable  improvement  in  the  hearing  as  a 

result. 

Left  far.— There  is  a  large  perforation  in  the  posterior, 
inferior  quadrant,  but  the  malleus  is  still  present.  There 
is  no  pus  or  moisture  in  the  meatus  or  middle  ear,  but 
flakes  of  epithehal  debris  arc  seen  behind  the  upper 
posterior  margin  of  the  perforation,  ancl  these  prevent 
any  view  of  the  deeper  parts  in  that  region. 

On  inflation,  air  enters  the  tympanum  freely,  but  there 
is  no  improvement  thereafter. 

Owing  to  a  mistake  the  hearing-power  of  the  left  ear 
was  not  ascertained. 

The  patient  died  three  months  and  five  days  after  the 
examination  just  reported  ;  and  the  post-mortem  took 
place  about  twenty-four  hours  after  death.  The  changes 
found  were  as  follows : 

Macroscopic  Examination.— A'/),'///  car.—l\\c  outer  ear 
is  ciuite  normal  and  the  tympanic  membrane,  beyond 
perhaps  a  slightly  increased  translucency,  is  healtliy  in 
ai)pearance.  The  middle  ear  appears  to  be  healUiy  in 
all  its  parts.  The  mucous  membrane  shows  no  sign  of 
thickening  or  of  congestion,  and  there  is  no  secretion  in 
the  tympanic  cavity.  The  Eustachian  tube  is  patent 
and  the  mucous  membrane  healthy.  The  malleus  and 
incus  are  normally  moveable,  and  there  are  no  adhesions 
in  the  region  of  the  oval  window  nor  anywhere  else.  The 
stapes  permits  of  movement  in  a  vertical  direction,  but 
it  is  doubtful  if  there  is  an  inward  or  oiitward  movement. 
This  point,  however,  is  uncertain  as  only  the  sUglitest 
pressure  is  employed. 

Left  car. Tlie  outer  ear  is  normal  and  there  is  no  dis- 
charge in  the  meatus.  A  large  perforation  is  seen  in  the 
posterior  inferior  (|uadrant  of  the  tympanic  membrane. 
On  opening  the  tympanic  c.ivity.  it  is  foiuul  that  all  the 
upper  part  of  the  cavity  pn)per  is  tilled  by  cliolesteato- 
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matous  debris,  and  this  extends  into  the  attic  and  antrum, 
fil'ing  both  these  cavi  its. 

On  careful  removal  of  the  cholesteatomatous  mass, 
the  malleus  and  incus  are  found  to  be  present,  and  there 
are  no  adhesions  Umiting  the  movements  of  the  ossicles. 
The  crura  of  the  stapes  are  moveable  to  a  very  slight 
extent  in  a  vertical  direction,  but  whether  the  ossicle  is 
moveable  horizontally  in  the  oval  window  is  doubtful. 
There  ar.'  no  adhesions  in  the  neighbourhood  of  the  stapes 
and  oval  window,  nor  indeed  anywhere  else  in  the  tym- 
panum. The  mucous  membrane  is  pearly  grey  in  colour 
and  glazed  in  lustre,  as  ind«.ed  is  usually  the  case  when 
cholesteatoma  is  present.  There  is  no  pus  or  moist 
secretion  in  the  tympanum.  The  Eustachian  tube  is 
healthy  and  patent. 

Blicroscopio  Examination. — Right  ear. — The  micro- 
scopic examination  in  this  case  of  Etosclerosis  reveals  a 
condition  not  hitherto  described. 

As  in  the  previous  case,  the  affected  area  of  bone  is 
extremely  small.  It  is,  moreover,  found  in  the  usual 
position,  in  front  of,  above  and,  to  a  less  extent,  below  the 
oval  window,  iliis  is  the  only  focus  of  disease  in  the  bone. 
At  its  widest  the  area  measures  about  one  millimetre. 

The  affected  portion  of  bone  reaches  up  to,  but  does 
not  involve  the  stapedio-vestibular  articulation.  In  front 
and  internally  it  extends  towards,  but  docs  not  reach  at 
any  point  the  lowest  whorl  of  the  cochlea.  Internally 
the  diseased  urea  forms  the  bony  wall  of  a  portion  of  the 
vestibule,  and  cxti  inally  on  the  tympanic  aspect  it  lies 
immediately  under  tlie  inuco-periostevmi  of  the  tym- 
panum. At  no  point  is  the  stapes  lixed  to  the  oval 
window  by  bony  tissue. 

U  is  interestiuf^  to  note  tliat  thi-  walls  of  thr  ptlvis  uf 
the  fenestra  ovalis  are  not  encroached  upon  ;  tliat  is  to 
say,  the  contour  of  the  parts  is  similar  to  thai   found 
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under  normal  conditions.  The  reason  for  this  appar- 
ently is  that  although  the  bone  in  this  region  has  under- 
gone obviously  profound  changes,  yet  there  is  no  evidence 
of  the  occurrence  of  new  formed  bone,  such  as  was  present 
in  Case  I,  and  which  had  encroached  upon  the  walls  of 
the  pelvis  of  the  oval  window. 

The  deposition  of  new-formed  bone  in  the  affected  area 
has  hitherto  been  considered  an  invariable  feiture  of 
otosclerosis,  and  the  outstanding  character  of  the  change 
in  the  bone.  The  present  case,  therefore,  is  of  special 
interest  inasmuch  as  it  definitely  proves  that  such  a  view 
is  incorrect. 

As  in  all  other  ctcscs  of  otosclerosis,  the  effected  area 
is  separated  from  the  surrounding  norn:  t  bone  by  a 
sharp  line  of  demarcation.  But  it  will  be  noticed  that 
the  affected  area  of  bone  stains  less  deeply  than  the 
normal  bony  tissue.  (It  may  here  be  remarked  that  the 
whole  process  of  preparation  and  staining  was  exactly 
the  same  as  that  employed  in  Case  I.)  In  this  respect, 
therefore,  as  in  others  to  be  described  below,  this  case 
stands  out  in  marked  contrast  to  the  first  case,  and  indeed 
to  all  other  cases  of  otosclerosis  which  have  hitherto  been 
published,  so  far  as  the  writer  is  aware. 

Under  low  magnification  it  may  be  noted  that  the 
blood-vessels  within  the  affected  area  are  large.  Further- 
more, although  the  diseased  bone  in  the  present  case  may 
be  described  as  being  more  porous  in  texture  than  the 
surrounding  normal  bone,  yet  tlie  porosity  is  very  diifennt 
in  character  from  that  found  in  Case  I  and  in  the  ordinary 
cases  of  the  disease  hitherto  described.  The  difference  con- 
sists in  this,  that  in  the  present  instuiue  tlie  spaces  in  the 
bone  are  almost  completely  filled  up  by  the  blood-vessel 
whereas  in  Case  I  these  spaces  are  only  occupied  by  the 
blood-vessels  to  a  very  small  extent,  a  greater  part  being 
filled  bv  marrow  and  cellular  structures. 
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On  examination  with  the  higher  power  of  the  n?icro- 
scope,  somewhat  different  conditions  may  be  seen  in 
different  portions  of  the  diseased  area.  In  the  portion 
near  the  centre,  the  tissue  consists  almost  entirely  of  a 
network  of  blood-vessels.  The  bony  structure  has  almost 
completely  disappeared  by  absorption,  and  even  the 
cellular  elements  iiic  altogether  scanty,  so  that  empty 
spaces  of  considerable  size  are  to  be  seen. 

In  the  portion  near  the  stapedi<  stibular  articula- 
tion the  blood-vessels  are  large  and  numerous,  but  the 
spaces  between  the  blood-vessels  are  occupied  by  osteo- 
blasts and  fine  granular  debris.  A  few  large  irregular- 
shaped  cloudy  cells  are  also  seen  in  this  region.  The 
bone  has  to  a  large  extent  lost  its  lamellated  appearance. 

In  the  region  near  the  line  of  demarcation  the  appear- 
ances are  very  similar  to  those  seen  near  the  stapedio- 
vestibular  articulation.  That  is  to  say,  the  blood-vessels 
are  large  and  there  are  numerous  osteoblasts  occupy- 
ing the  spaces  between  the  vessels.  Tliere  are  also  occa- 
sional large  irregular-shajKnl  cloudy  cells,  and  there  is 
but  little  lamellation.  On  the  other  hand,  the  granular 
debris  which  is  seen  in  the  area  near  the  stapedio- 
vestibular  articulation  is  not  found  in  that  portion  near 
the  line  of  demarcation. 

Membranous  Structures.  -The  soft  structures  of  the 
cochlea  present  appearances  in  ..o  way  different  from  the 
normal.  Of  course,  as  is  always  th<'  rase  in  dealing  with 
the  human  subject,  changes  are  found  ;  but  these  are  the 
result  of  jiost-mortem  disintegration.  There  is  one  little 
exception  to  the  above  statement,  and  that  is  tliat  the 
blood-vessels  of  the  modiolus  are  dilated  to  an  extent 
greater  than  I  have  ever  seen  in  subjects  who  possessed 
normal   luaring  in   life. 

There  is  no  depression  oi  bulging  of  tl,«'  UKinbrane  of 
Keissner,  nor  is  the  latter  adherent  to  tht   tectorial  mem- 
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Case  II— Fig.  6 

RIGHT   EAR 

Horizontal  Section  through  the  Petrous  Portion  of  the 
Temporal  Bone,    x  8 

n.  Facial  nerve. 

m.  Stapedius  muscle. 

p.  Posterior  semicircular  canals. 

6.  Focus  of  diseased  bone  in  front  of  the  oval  window.  It  atains 
less  deeply  than  the  adjacent  unaffected  bone,  and  in  one  part 
of  it  the  process  of  absorption  has  been  »o  marked  that  there 
is  no  bone  left. 

V.   Vestibule. 

a.  Internal  auditory  meatus. 

t.  Tensor  tympani  mutcla. 
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Cash  II — Fig.  7 

RIGHT   EAR 

Section  through  the  Focus  of  Diseased  Bone,    x  80  ca. 

m.  Mucous  lining  of  the  tympanum. 

6.  The  pointer  ends  in  a  portion  of  the  diseased  area  in  which 
practically  no  bony  tissue  is  present.  Indeed,  in  this  region 
there  appears  to  be  little  else  than  a  network  of  blood- 
vessels. The  rest  of  the  focus,  though  very  vascular,  con- 
sists for  the  most  part  of  bony  tissue  in  process  of  absorption. 
n,  n.  Focus  of  diseased  bone.  The  bone  presents  a  laminated 
appearance  in  many  parts,  but  the  lamiiiation  is  not  so 
perfect  as  in  normal  bone. 

It  is  of  importance  to  note  that  in  this  case  alone,  out 
of  the  four  examined,  does  the  area  of  diseased  bone  stai 
more  faintly  than  the  normal  bone  of  the  capsule  of  the 
labyrinth. 
d,  d,  d.  Line  of  demarcation. 

o.  Old  normal  bone  of  the  capsule  of  the  labyrinth. 
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RICHT   EAR 

•tttcttem  THRtiimu  "thf.  Po-UiS  -w  Diseased  Bone,    x  'iocn. 

■91,  KfJcous  lining  oi  the  tympanum. 

i'      ;  '      jvjiuUT  end*  in  a  portion  •.•(  the  dis'?i«  i  area  m  «■)>,■.= 

tica'ly  DO  bttny  Uivrn^  i^  present.     Indeed,  in  thia  .rcgi'.  r 

ippsstfs  to  lie  !ittl«  else  than  a  nctwisrfc  of  blor'! 

•  i>.t;iH,     Thi*  resi  ot  th*;  t«x;us.  thong.i  vs-ry  va*culaf,  con- 

'.-fts  for  the  ni06'  part  ot  bouy  tissue  n  pri.>,E;.s  of  absciption. 

)i,    ..   I' )cu3   of    ■H-.'-asril    i.'i!ie.     Tb«    tx"-:  *->    a    laiVunated 

Hj>}i»- f-",'--.  .    :,   e»»=<"   '»'*.'■»■».   rvvjt  •♦■■  !i   IS  not  so 

turn:  eiAiHjncd,  d<.>P!«  thi'  ar«i  ol  asseascd  bone  *t«in 

.  .»-.  laiati-v      '^  -   ^Ue  norir>a>   '■<"■.■  of   '  ■■:  tapr-air     •'  »i. 

=i!aynntf» 

,J.  4,  4,     Un>;  O:  ■      . 

».  OldiiU!       .  ...  .  .    ..Ui, 


ioij 


ii!i 


Case  11— Fig.  s 

LEFT    EAR 

Horizontal    Section    through    the    Petrous    Portion    ui     the 
Temporal  Bone,    x  8 

H.   Focus  of  diseased  bone  in  front  of  the  oval  window.     It  will  be 
observed  that  in  this  case  the  diseased  bone  stains  less  deeply 
than  the  normal  bone  of  the  capsule, 
a.  Internal  auditory  meatus. 
p.  Posterior  semicircular  canal. 
V.  Vestibule. 
/.  Footplate  of  stapes. 
/.  Facial  nerve, 
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brane  or  to  the  organ  of  Corti.  The  organ  of  Corti  pre- 
sents perfectly  normal  appearances,  the  arcn  is  .ell 
formed  the  rods  are  present  and  natural  in  position,  and 
although  the  hair-cells  are  swollen  and  ill-defined  owing 
to  post-mortem  disintegration,  the  hairs  themselves  are 

present. 
The  cells  of  the  ganglion  spirale  are  normal,  as  also 

are  the  other  nerve  structures. 

The  tensor  tympani  and  stapedius  muscles  are  quite 
normal  in  appearance. 

Left  tar.— Microscopic  examination  ol  the  left  ear  re- 
veals a  condition  almost  identicJ  with  that  found  on  the 
right  side.  This  is  in  keeping  with  what  is  well  known  in 
regard  to  the  symmetrical  character  of  the  disease. 

The  position  of  the  diseased  area  in  the  bone  is 
immediately  in  front  of  the  oval  window,  and  in 
shape  and  texture  is  exactly  simikr  to  that  already 
described  on  the  right  side.  On  its  inner  aspect  the 
affected  area  of  bone  is  limited  by  the  endosteum  of  the 
vestibule,  and  on  its  outer  aspect  by  the  muco-pcriosteum 
of  the  tympanum.  Posteriorly  it  is  limited  by  the 
stapcdio-vestibular  articulation,  and  anteriorly  it  is 
bounded  by  a  sharp  hne  of  demarcation  from  the  normal 
bony  capsule  of  the  labyrinth. 

The  diseased  bone  stains  less  deeply  than  the  surround- 
ing normal  bone  of  the  -apsule,  and  the  large  spaces  in 
the  diseased  bone  are  (luite  filled  up  with  blood-vessels. 
There  is  n  .  sign  of  any  deposit  of  new-formed  bone. 

Examina^on  with  the  high  power  reveals  a  condi- 
tion almosi  exactly  similar  to  that  described  on  the  right 
side.  The  affected  area  is  highly  vascular.  The  osteo- 
blasts air  rounder  in  shape  than  in  normal  bone,  and  the 
canaliculi  are  few  and  short. 

There  is  considerable  activity  in  some  of  the  islands 
uf  cartilage  which  are  frecjuently  present  under  normal 
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circumstances  in  the  bony  capsule.  Some  of  the  cartilage 
cells  are  clearly  in  a  state  of  degeneration,  and  even  dis- 
integration, while  in  others  rapid  cell  division  is  taking 
place.  It  is  interesting  to  note  (hat  in  one  of  these 
cartilage  cells,  nuclear  division  by  karyokinesis  is  present. 

The  tensor  tympani  and  stapedius  muscles  are  perfectly 
normal  in  appearance. 

Membranous  Structures. — On  the  left  side,  as  previously 
described  on  the  right  side,  no  definite  pathological  change 
is  to  be  found  in  the  membranous  labyrinth.  The  cells 
of  the  organ  of  Corti  are  seen  to  be  normal,  excepting 
in  respect  to  such  changes  as  may  clearly  be  considered 
post-mortem.  The  stria  vascularis  is  normal,  there  is  no 
depn  ssion  or  bulging  of  the  membrane  of  Reissner  beyond 
such  as  would  be  expected  to  occur  in  preparation. 

The  cells  of  the  ganglion  spiralc  are  healthy,  as  also  are 
the  nerve-fibres  running  into  and  out  from  the  gangHon. 


Case  III  (Figs,  n-14) 

Clinical  Examination.- -Miss  J.  D.,  houst keeper,  aet.  55. 
Examined  by  myself  in  Glasgow  Cancer  Hospital,  Jan. 
20th,  1914. 

The  patient  has  been  deaf  in  both  ears  for  more  than 
twenty-five  years.  A  few  years  after  the  onset  of  ihe 
deafness  she  began  to  suffer  from  tinnitus,  a  symptom 
wliich  has  remained  since.  It  is  severe,  and  causes  her 
considerable  distress.  In  character  slie  likens  it  to  tlie 
hissing  of  steam.  She  has  never  noticed  the  occurrence 
of  paracusis. 

Fcimily  History. — The  grandfather  was  deaf,  but  this 
may  have  been  from  old  age.  One  aunt  on  tiie  father's 
side  was  deaf,  and  in  her  case  the  deafnt^ss  was  not  due  to 
old  age.  There  is  no  other  case  of  deafness  known  among 
the  relatives. 
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Examination.— Both  membranes  are  noticeably  in- 
drawn. No  rosy  tint  is  present  in  the  tympanic  image, 
and  there  is  no  discharge  from  the  ear.  There  is  the 
appearance  of  an  old  scar  in  the  right  membrane. 

Right  Ear.— A  tuning  fork  (440  vibs.)  is  not  heard  in 
the  right  ear  by  air  conduction,  and  only  for  7  seconds  by 
bone  conduction.  (Normal  is  17  sees,  by  bone  conduction 
for  this  particular  fork.) 

Whisper  :  Not  lieard  at  all. 

Watch  :  Not  heard  at  all. 

Conv-  voice  :    Not  heard  at  all. 

Galton's  whistle  :  A  considerable  portion  of  the  upper 
range  is  lost  to  hearing  (Mdh.  60,  Pfl.  5-8). 

Four  months  after  the  clinical  examination  was  made, 
the  patient  died  as  a  result  of  secondary  malignant 
deposits  in  the  lungs.  A  post-mortem  was  madt^  about 
twenty-four  hours  after  death,  and  ilie  temporal  bones 
were  removed  and  prepared  for  cutting  by  the  method 
described. 

Pathological  Examination:  Mucroscol^ic  .If^pcurnnccs. — 
Rigiti  Ear. — On  examination  it  was  found  that  there 
was  clear  evidence  of  a  former  perforation  of  the  mem- 
brane in  the  posterior  inferior  (piadrant.  This  had  been 
closed  over  by  scar  tissue.  Th'  middle  ear  showed  no 
evidence  of  disease,  the  mucous  membrane  in  rll  parts 
presenting  a  perfectly  normal  appearance.  The  liusta- 
rhian  tube  was  freely  permeable. 

The  tlu-ei>  ossicles  sc-med  to  be  fioe  of  disease  so  far 
as  the  naked  eye  appearances  went.  There  was  no 
evidence  of  li.xation  of  the  stapes  in  the  oval  windtnv  so 
far  as  could  be  ascertained,  bui  there  was  not  much 
signilicance  in  this,  as  no  attempt  was  made  by  pressure 
to  Imd  out  the  mobility  of  the  ossicles,  for  fear  of  damaging 
the  preparation.  (It  will  be  seen  later  that  the  stapes 
was  lixed  bv  bony  ankylosis.) 
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The  petrous  portion  of  the  bone  was  prepared  for 
microscopic  examination  in  the  manner  previously  de- 
scribed, and  a  complete  series  of  sections  was  made  as 
nearly  as  could  be  arranged  in  the  plane  of  the  modiolus 
of  the  cochlea. 

Microscopic  Lxamimition.—k  diseased  focus  of  bone 
is  found  in  the  usual  situ  ion  in  cases  of  otosclerosis, 
immediately  in  front  of  the  oval  window.  The  diseased 
area  is  oval  in  horizontal  section  and  extends  from  the 
endosteuni  of  the  cochlea  to  the  muco-periostcum  of  the 
tympanum.  Posteriorly  at  its  greatest  extent  it  reaches 
just  beyond  the  stapedio-vestibular  articulation,  and  into 
the  foot-plate  of  the  stapes,  thus  causing  ankylosis. 

It  stains  hardl  y  deeper  than  tlie  normal  bone  of  the 
labyrinthine  capsule  and  is  only  distinguishable  from  the 
latter  by  its  more  porous  character  and  the  difference  in 
shape  of  the  osteoblasts.  The  absence  of  any  strong  afhnity 
for  absorbing  tlie  stain  may  be  due  to  one  of  two  causes, 
either  that  the  process  of  new  bone  formation  has  been 
extremely  slow,  or,  that  it  took  place  many  years  ago 
and  has  long  been  inactive.  Either  of  these  explanations 
is  compatible  with  the  long  duration  of  the  symptoms 
(twenty-fi\e  years). 

The  diseased  focus  extends  downwards  into  the  cleft 
between  the  round  window  and  the  second  whorl  of  the 

cochlea. 

The  line  of  demarcation  is  sliarply  defined,  and  in  some 
sections  of  the  series  blood-vessels  may  be  seen  passing 
out  from  the  diseased  focus  through  the  Une  of  demarca- 
tion and  into  the  smrounding  normal  bone. 

The  spaces  within  the  f(j(us  of  the  diseased  bone  arc 
filled  with  marrow,  and  in  many  of  them  blood  vessels 
may  also  be  seen.  The  bony  tissue  itself  is  well  lamel- 
luted.  The  actual  bone-cells  in  the  diseased  area, 
however,  diiier  to  a  tcitain  extent  from  the  cells  of  the 
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normal  bone.  They  are  Ics  regular  in  contour,  and 
the  spindle  shape  so  characteristic  of  normal  osteoblasts 
is  not  so  pronounced.  Consequently  the  diseased  bone 
presents  a  rather  more  granular  appearance  than  the 
surrounding  normal  bone.     No  osteoclasts  arc  found. 

At  one  point,  as  stated  above,  the  new-formed  bone 
has  extended  across  the  stapedio-vestibular  articulation 
and  into  the  adjacent  region  of  the  foot-plate  of  the 
stapes.  The  bridge  of  bone  thus  formed  is  very  narrow, 
and  in  depth  it  only  extends  through  three,  or  at  most 
four  consecutive  sections  of  the  series.  When  it  is  re- 
membered that  the  disease  had  been  in  existence  for 
twenty-live  years,  it  is  surprising  that  the  anatomical 
change  at  this  jioint  is  so  small  in  extent.  I  have 
referred  to  this  feature  of  otosclerosis  previously.' 

In  certain  regions  there  is  considerable  activity  in  the 
groups  of  cartilage  cells  which  are  normally  found  scat- 
tered about  the  neighbourhood  of  the  capsule  of  the 
labyrinth. 

There  is  no  other  focus  of  diseased  bone  to  be  found 

in  the  •.  byrinth. 

As  regards  the  membranous  structures,  it  may  be  said 
in  general  that  no  sign  of  pathological  change  could  be 
found  anywhere.  The  organ  of  Corti.  the  nerve  fibres,  the 
tectorial  membrane,  and  the  membrane  of  Reissner  are  all 
normiil  in  structure  and  position.  Finally,  in  lespect  to 
the  nerve  cells  of  the  ganglion  spirale,  it  may  be  said  that 
no  patliological  change  is  discoverable  though  of  course 
tliere  an^  present  the  usual  changes  which  result  from  post- 
mortem disintegration.  The  nerve  fibres  are  normal. 
It  must  again  be  emphasised,  however,  that  although 
no  pathological  changes  are  found  in  the  ganglion  spirale, 
it  must  not  be  assumed  that  no  such  changes  exist ; 
for  the  present  methods  of  microscoi)ic  examination  of 

'  Gray.  Dinaict  u/  lh«  Eat,  p.  315  (B^iiiHcie,  Tindall  ■'i-  <>",  i9»'-')- 
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the  nervous  system  are  far  too  crude  to  elucidate  changes 
which  we  know,  on  other  grounds,  must  be  present.  Thus, 
in  this  case  we  know  that  severe  tinnitus  was  complained 
of  for  nearly  twenty  years,  and  it  is  inconceivable  that 
such  a  symptom  could  exist  for  that  period  of  time  without 
bsing  associ;  '^d  in  some  way,  either  of  cause  or  effect, 
wi'h  cha'.ge'  i  the  nerve  cells  in  some  part  of  the 
auditory  tract,  and  probably  in  all. 

Left  Ear. — Family  history,  subjective  symptoms,  etc., 
as  recorded  above  in  the  cUnical  report  of  the  right  ear. 

Clinical  Examination. — Membrane  markedly  indrawn. 
No  rosy  tint  present,  and  no  evidence  of  any  previous 
suppurative  disease. 

Tuning  fork  (440  vibs.)  not  heard  at  all  by  air  conduc- 
tion ;  heard  5  sees,  by  bone  conduction. 

Whisper  :    Not  heard  at  all. 

Conv.  \oice  :    Just  heard  within  one  inch  of  the  ear. 

Edelmann-Galton  whistle  :  A  considerable  number  of 
notes  lost  at  the  upper  end  of  the  scale  (Mdh.  60,  Pfl.  5-8). 

Pathological  Examination  :  Macroscopic. — The  temporal 
bone  was  prepared  by  the  method  described  above. 

Though  the  tympanic  membrane  is  indrawn,  there 
is  no  sign  of  structural  alteration  visible  to  the  naked 
eye. 

The  mucous  membrane  of  the  middle  ear  presents  a 
perfectly  healthy  appearance  ;  and  the  Eustachian  tube, 
in  so  far  as  it  is  present,  is  luiobstructed.  But  it 
must  be  noted  that  the  naso-pharyngcal  portion  of  the 
tube  was  left  behind  in  the  cadaver,  and  there  may, 
therefore,  have  been  some  pathological  change  in  it  or  in 
the  naso-pharynx  itself. 

The  veins  of  the  promontory  are  somewliat  dilated,  and 
some  bulging  exostoses  are  present  in  the  same  region. 
Immediately  below  the  oval  window  there  is  seen  to  be  a 
peculiar  spurlike  exostosis. 
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Case  III — Fig.  g 

RIGHT    EAR 

Horizontal    Section    through    the    Petrous    Portion    or    the 
Temporal  Bone  in  the  Plane  of  the  Stapes,    x  8 

t.  Tensor  tympani  muscle. 

a.  Anterior  crus  of  stapes. 

/.  Focus  of  rarefied  diseased  bone.  It  is  not  easily  distinguishable 
from  the  surrounding  bone,  and  for  that  reason,  as  well  as  from 
the  clinical  history,  the  inftrei^  may  be  .-Irawn  that  in  all  pro- 
bability it  is  not  of  recent  origin.  The  focus  is  seen  more  clearly 
in  fig.  lo. 

c.  Tangential  section  through  one  of  the  whorls  of  the  cochlea. 

s.  Stapedius  muscle. 

V.  Vestibule. 

m.  Internal  auditory  meatus. 


!    i 


tto 


V. 

■5 


St 


■MMMMMIH 


■■liMil 


.L 


i.  TeB«or  tyinp»ni  m  umjIc^ 
tf.  Aatsriw  eras  of  «t  . 


1*  not,<s»elly  di    iinjiiish^lili 


■ibii'ty  rt  !<i  not  t>i  tirtoii, 


■  ■Us  ol  ti»  eneWe*. 


*,  LiU^fc*.  j4^;Ui-"i  BieitMs. 


Cask  III— Fio.  io 

RIGHT   EAR 

Horizontal  Section  through  the  Focus  ok  Diseased  Bone  in 
Front  of  the  Oval  Window,     x  6oca. 

/,  /,  /.   Focus  of  diseased  porous  bone.     In  the  spaces  marrow  and 
blood-vessels   may    be    seen.     The    diseased    bone    is    well 
laminated.     It  stains  hardly  any  more  deeply  than  the  old 
normal  bone,  doubtless  for  the  reason  that  it  is  not  of 
recent  formation. 
d,  d.  d.  Line  of  demarcation.     In  some  parts  it  is  very  easily  dis- 
tinguished, while  at  others  it  is  only  just  visible,  the  diseased 
bono  and  the  old  normal  bone  appearing  to  differ  but  slightly 
in  texture. 
0,  o.  Old  normal  bone  of  the  capsule  of  the  labyrinth. 
V.  Vestibule. 

a.  Annular  ligament. 

b.  Bridge  of  diseased  bone  uniting  the  footplate  of  the  stapes 

with  the  wall  of  the  oval  window.     (Sec  fig.  1 1 .) 
m.  Mucous  lining  of  the  tympanum. 
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Case  III — Fig.  ii 

RIGHT    EAR 

Horizontal  Section  through  the  Stafedio-vestibular  Articula- 
tion AND  the  Adjacent  Portions  of  the  Stapes  and  Vestibular 
Wall  of  the  Oval  Window.  The  Whole  of  the  Right  of 
the  Photograph  shows  a  Portion  of  the  Focus  of  Diseased 
Porous  Bone,  while  to  the  Left  are  shown  Portions  ok 
the  Anterior  Crus  and  Footplate  of  thk  Stapes,    x  120  ca. 

m.  Mucous  membrane  of  tympanum. 

a.  Anterior  crus  of  stapes. 

6.  Bridge  of  bone  passing  from  the  wall  of  the  fenestra  ovaUs  to  the 
footplate  of  the  stapes  and  causing  ankylosis.  The  bridge  is 
very  thin  and  only  occupied  a  depth  of  three  or  four  thin  con- 
secutive sections  cut  by  the  microtome. 

/.  Footplate  of  stapes. 

»i.  Focus  of  disea.sed  porous  bone. 

V,  Vestibule. 
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Case  III— Fig.  12 

LEFT  F.    R 

Horizontal  Section  through  the  Labyrinth,    x  8 

/.  Facial  nerve. 

V.   Vestibule, 
m.  Internal  auditory  meatus. 

n.  Focus  of  diseased  bone.  It  will  be  observed  that  the  diseah!  . 
bone  does  not  stain  any  more  deeply  than  the  surrounding 
bone.  In  this  respect  the  case  contrasts  sharply  witli 
Case  I,  the  reason  of  the  difference  being  probably  tlie 
difference  in  duration  of  the  disease. 
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Case  III— Fig.  13 

LEFT   EAR 

HoRiioNTAi.  Section  showing  the  Focus  of  DisiASBD  Bone 

X  60  ca. 

d,d,d.  Line  of  demarcatior.  It  is  to  be  noted  <hat  the  focus  of 
diseased  bone  is  characterised  by  the  larpj  number  of  spaces 
filled  with  marrow  and  blood-vessels,  '.t  does  not,  however, 
stain  any  more  deeply  than  -.'uv  old  normal  bene  of  the 
capsule  outside  the  line  of  demarcation.  It  has.  however, 
a  rather  more  granular  texture  owing  to  the  fact  that  the 
osteoblasts  are  not  spindle-shaped  as  are  those  in  the  normal 
bony  capsule. 

0.  Normal  bone  of  the  capsule. 

N.  Focus  of  diseased  bone. 

t.  Muco-pcriosteura  of  the  tympanum. 

«.  Anterior  extremity  of  footpi  te  of  itap«. 

V.  Vestibule. 
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Case  III — Fig.  14 

LEFT   EAR 

Horizontal  Section  through  the  Stapedio-vesiibular 
Articulation,    x  180  ca. 

/.  Footplate  of  stapes. 

I'.   Vestibule. 

6.  Bridge  of  bone  uniting  the  footplate  of  the  stapes  with  the  wall 

of  the  oval  window. 
/.  Annular  ligament. 
n.  Focus  of  diseased  bone. 
m.  Muco  periosteum  of  tympanum. 
/.  Tympanic  cavity. 
a.  Anterior  crus  of  stapes. 
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AU  three  ossicles  are  quite  normal  in  appearance.  The 
stapes  does  not  show  any  evidence  of  fixation,  but  as 
will  be  seen  h  er,  when  examined  by  the  microscope 
it  was  found  ti  at  as  a  matter  of  fact  the  bonelet  was 
fixed  by  osseous  ankylosis. 

Microscopic  Examination. — Sections  were  cut  in  the 
horizontal  plane,  and  it  may  be  said  at  once  that  they 
revealed  pathological  changes  almost  identical  with  those 
on  the  right  side ;  indeed,  it  might  almost  be  said  that 
the  left  side  was  a  ropltca  of  the  right.  This  remarkable 
symmetry  has  also  been  recorded  in  Cases  I  and  II,  and 
probably  would  have  been  found  to  exist  also  in  Case  IV, 
had  both  temporal  bones  been  sent  for  examination. 

For  this  reason,  therefore,  it  is  not  necessary  to  enter 
into  such  detail  in  regard  to  the  pathological  changes 
on  the  left  side  as  on  the  right. 

It  will  be  observed  (fig.  i  i)  that  the  focus  of  diseased 
bone  occupies  the  usual  position  immediately  in  front  of 
the  oval  window,  and  extends  from  the  stapedio-ves- 
tibular  articulation  to  the  cochka.  Externally  it  reaches 
to  the  muco-periosteum  of  the  tympanum,  and  internally 
to  the  vestibule.     There  is  no  other  focus  of  diseased  bone. 

The  footplate  of  the  stapes  is  united  to  the  wall  of  the 
oval  window  by  a  narrow  bridge  of  bone,  but  this  is  only 
found  in  three  or  four  consecutive  sections  of  the  series, 
and  is  therefore  very  thin  in  its  vertical  diameter.  The 
muco-periosteum  of  the  tympanum  is  perfectly  healthy 
in  appearance.  The  affected  area  of  bone  is  sharply 
delimited  from  the  surrounding  normal  bone,  but  in 
certain  regions  the  line  of  demarcation  is  ditticult  to  find 
because  the  staining  property  of  the  two  different  types 
of  bone  hardly  varies.  In  other  parts  of  its  course  the 
line  of  demarcation  is  easily  recognised.  The  texture 
of  the  affected  b.tne  is  very  different  from  the  adjacent 
normal  bone.    There  are  many  spaces  in  the  bone  which 
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are  filled  with  blood-vessels  and  marrow,  a  id  the  osteo- 
blasts are  rounder  and  less  markedly  spindle-shaped 
than  in  the  normal  bone.  Careful  search  for  osteoclasts 
fails  to  reveal  their  presence,  and  indeed  the  whole  appear- 
ance of  the  bone  both  at  the  'ine  of  demarcation  and  else- 
where gives  the  impression  that  no  special  activity  is 
present  beyond  that  which  would  be  found  in  normal 
bony  tissue.  In  other  words,  the  cellular  activity  in  the 
bone  has  long  since  passed  away.  There  is  no  evidence 
whatever  of  inflammatory  activity  either  past  or  present. 

The  tensor  tympani  and  stapedius  muscle  are  both 
f>erfectly  normal  in  appearance,  there  being  nn  sign 
of  fatty  or  other  degeneration. 

The  membranous  structures  of  the  inner  ear  show  no 
sign  of  pathological  changes,  though  of  course  there  are 
the  usual  artefacts  due  to  post-mortem  disintegr  ition  and 
methods  of  preparation. 

The  gangli'jn  spirale  shows  nc  sign  of  pathological 
change,  though  very  possibly  such  changes  are  really 
present,  but  are  not  discoverable  by  any  of  the  present 
microscopical  methods  apphcable  to  the  labyrinth. 


Case  IV  (Fir.s.  15-20) 

In  the  following  case  no  cUnical  examination  was  made. 
The  patient,  s^me  time  before  her  death,  indicated  that 
she  would  like  to  have  an  examination  made  of  her  ear, 
in  order  that  an  attempt  might  be  made  to  find  out  the 
cause  of  her  deafness,  ami  add  to  our  knowledge  of  such 
conditions.  At  the  post-mortem  examination,  only  the 
left  temporal  bone  was  removed.  I  have  to  thank  Mr. 
Tilley  for  obtaining  this  specimen  for  me.  The  patient's 
death  occurred  at  the  age  of  85,  the  symptoms  having 
existed  for  about  sixty  years. 

The  history  of  the  case  was  to  this  effect.    The  patient, 
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Miss  H.,  at  the  age  of  about  20,  had  become  dull  of 
hearing  fairly  quickly  and  without  apparent  cause. 
Ultimately  the  deafness  reached  a  high  degree,  until  she 
was  unable  to  hear  the  voice  at  aU  in  the  left  ear,  and 
was  compelled  to  use  an  ear  trumpet  m  ».he  right  ear. 
Noises  in  the  car  were  more  or  less  constantly  present, 
but  t  to  any  distressing  degree.  The  patient  had  never 
complamed  of  giddiness.  There  was  a  marked  tendency 
to  ''-afnes.-,  in  the  patient's  family  and  ancestors. 

Pi.  hological  Exaxnipntion.— Before  the  preparation 
reached  me  it  had  been  preserved  for  a  considerable  time 
in  rather  weak  spirit,  and  this  accounts  in  part  for  the 
fact  that  the  more  delicate  structures  of  the  organ  of 
■Corti,  etc.,  are  not  shown  with  the  same  clearness  of  defi- 
nition .;>  in  the  previous  case. 

The  external  meatus  is.  perhaps,  somewhat  narrower 
than  nonnal.  but  not  to  such  an  ext  nt  as  to  be  considered 
pathological      There  is  no  cerumen  in  the  meatus.     The 
tympai  !c  membrane  is  normal  in  position,  and  there  is 
no  perl  ration  or  scar.     The  Eustachian  tube  is  healthy 
throughout  aU  the  portion  present  in  the  preparation; 
the  naso-pharyngeal  portion  is  not  included,  so  that  its 
condition  cair   't  be  ascertained.     There  is  no  fluid  or 
discharge  of  any  kind  present  in  the  tympanum,  there 
is  no  visible  sign  of  pathological  change  in  the  mucous 
membrane  and  no  adhesions  are  present.     The  two  outer 
ossicles  appear  to  be  healthy,  as  also  does  the  tensor 
tympani  muscle  so  far  as  the  naked  ey^  can  ascertain. 

The  stapes  is  ankylosed  in  the  oval  window,  and  its 
anterior  crus  is  firmly  welded  by  bone  with  the  inferior 
anterior  portion  of  the  pelvis  of  the  oval  window.  The 
round  window  is  considerably  narrowed  by  the  marked 
hyperostosis  of  the  bone  which  forms  its  lip.  There  are 
one  or  two  minute  exostoses  mimediately  in  front  of  the 
oval  window  and  a  little  above  the  p.omontory. 
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The  interp-^J  auditory  meatus  is  distinctly  narrowed, 
and  on  the  posterior  margin  of  the  entrance  is  a  marked 
bulging  which  further  decreases  its  lumen. 

The  preparation  was  decalcified,  treated,  and  stained 
by  the  methods  described  above.  A  complete  series  of 
horizontal  sections  was  made. 

A  photograph  of  a  section  passing  through  the  two 
crura  and  the  footplate  of  the  stapes  is  shown  in  fig.  i6. 
A  general  view  of  the  whole  section  shows  that  the  internal 
auditory  meatus  is  much  narrower  than  in  normal  cir- 
cumstances and  the  vestibule  is  reduced  in  size.  The 
footplate  of  the  stapes  is  very  greatly  thickened  in  its 
anterior  portion,  and  the  bony  portion  of  the  whole  of  the 
footplate  is  quite  altered  in  character  from  the  normal. 
It  is  porous  in  te.xture,  and  in  fact  is  identical  with  that 
found  in  the  focus  of  otosclerotic  bone  immediately  in 
front  of  the  oval  window.  This  fact  is  demonstrated 
more  clearly  when  higher  magnifications  are  employed. 

Close  examination  shows  that  the  footplate  is  ankylosed 
both  at  its  anterior  and  posterior  extremities  by  bridges 
of  bone  extending  across  to  the  walls  of  the  oval  win- 
dow. The  tissues  of  which  the  anterior  and  posterior 
bridges  are  composed  are,  as  above  stated,  identical  with 
otosclerotic  bony  tissue ;  indeed,  they  are  parts  of  one 
large  otosclerotic  focus  extending  from  a  fine  a  short 
distance  in  front  of  the  anterior  margin  of  the  oval  window 
to  a  line  a  short  distance  behind  its  posterior  margin. 

There  is,  however,  another  and  different  change  in  the 
bone  in  this  case.  This  consists  of  a  comparatively 
large  area  of  highly  rarefied  bone  in  the  region  lying 
between  the  posterior  margin  of  the  oval  window,  the 
facial  nerve,  and  the  horizontal  semicircular  canal. 

In  this  case,  therefore,  there  are  two  distinctly  different 
d'anfjes  in  the  bone.  This  stutenunt  must  not  be  taken 
tu  mean   that   the  ceUulur   changes  are  pathologically 
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fundamentally  different,  or  arise  from  different  causes. 
It  means  that,  whatever  the  pathological  process  or  pro- 
cesses may  be,  the  anatomical  result  is  very  different  in 
the  two  regions  described. 

Taking  first  the  ordinary  otosclerotic  change  which  ex- 
tends anteriorly  from  the  line  d,  d  in  fig.  17,  to  the  lim?  d,  d 
in  fig.  18,  there  is  not  viry  mudi  to  describe  beyond  the 
fact  that  the  bony  tissue  resembles  that  shown  in  an  early 
stag.^  in  Case  I,  and  in  a  late  stage  in  Case  III.  The  new- 
formed  bony  tissue  stains  rather  more  deeply  than  th*^ 
adjacent  normal  bone,  and  is  marked  off  by  the  usual 
sharp  line  of  demarcation.  The  marrow  spaces  in  the 
diseased  porous  bone  arc  rather  small  in  comparison  with 
those  in  Case  III.  and  very  small  in  comparison  with  those 
in  Case  I.  This  is  what  is  to  be  expected  considering 
the  duration  of  the  disease  in  the  three  cases.  The  bony 
tissue  of  the  diseased  area  is  perfectly  well  lamcllated. 
As  is  usually  the  case,  the  osteoblasts  arc  not  quite  so 
noticeably  spindle  shaped  as  in  the  normal  bono,  being 
rounder  or  more  irregular  in  shape.  There  is  no  round- 
cell  infiltration,  nor  any  other  sign  of  inflammatory 
activity.    Osteoclasts  are  not  found. 

The  mucous  m<  mbrane  in  the  cleft  between  the  foot- 
plate of  the  stapes  and  the  wall  of  the  basin  of  the  oval 
window  shows  a  certain  amount  of  fibrous  thickening, 
but  there  is  no  round-cell  infiltration.  A  lew  irregular 
structures  arc  seen  scattered  about  in  the  mucous  lining 
of  this  region,  but  they  do  not  appear  to  be  ci'llular,  and 
very  possibly  indicate  the  {wsition  of  calcareous  deposits, 
though,  of  course,  the  calcareous  salts  have  been  removed 
during  decaUification.  Similar  structures  are  seen  in 
the  thickened  mucous  lining  on  the  outer  aspect  of  the 
pt)8terior  position  of  the  footjjlate  of  the  sla|MS.  The 
rest  of  the  mucous  lining  of  the  tympanum  is  normal  in 
appearance. 
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The  other  type  of  anatomical  change  in  the  bone  is 
that  shown  in  figs.  i6, 19  and  20  in  the  region  lying  between 
the  posterior  margin  of  the  oval  window,  the  facial  nerve, 
and  the  horizontal  semicircular  canal.  This  type  has  never 
hitherto  been  doscribed.  so  far  as  the  writer  is  aware.  It 
conr-ists  of  tissue  in  which  the  mineral  element  is  reduced 
by  the  process  of  rarefication  to  such  an  extreme  degree 
that  the  marrow  spaces  cover  a  much  larger  surface  than 
the  bony  element.  Indeed,  the  latter  is  reduced  to  a  few 
fine  spicules  and  trabeculae.  In  regard  to  this  area  of 
diseased  bone,  it  is  very  interesting  to  note  that,  although 
the  process  of  absorption  of  bone  has  been  carried 
out  to  ^uch  a  great  degree,  yet  the  deposition  of  bone 
is  by  no  means  absent.  New  bone  has  been  deposited ; 
and,  if  the  intensity  of  the  stain  affords  any  civic  to  the 
age  of  the  bone,  then  it  may  be  inferred  that  the  new- 
formed  bone  was  in  process  cf  deposition  up  to  a  period 
very  shortly  before  the  death  of  the  patient. 

The  newly  deposited  bone  in  this  area  forms  a  lining 
along  the  edge  of  the  old  normal  bone  which  is  being 
absorbed.  The  new-formed  bone  is-'  ciuitc  well  lamellatrcl, 
and,  indeed,  is  only  different] ited  from  the  old  normal 
bone  by  its  deeper  staining  capacity  and  the  sharp  line  of 
demarcation.  It  is  important  to  observe  that  the  line  of 
demarcation  is  as  sharp  as  that  found  in  the  ordinary 
olosclerotic  change  seen  in  front  of  the  oval  window.  There 
is  no  round-'  1 11  infiltration  nor  any  sign  of  inflammatory 
activity.  In  this  diseased  area  there  are  certain  points 
at  wliich  tlie  layer  »>f  daik  st;.ined  new  bone,  Uning  the 
outside  of  the  old  normal  bone,  is  incomplete,  so  that 
the  old  normal  bone  lies  (|uite  bare  to  the  marrow  spaces. 
This  is  shown  in  lig.  20,  in  which  there  may  be  seen  an 
osti'ot  laxt  which  has  btrn  fixed  in  the  process  of  eating  up 
both  the  new-formed  hour  and  the  old  normal  bone,  In 
the  same  ix^mv  sf.'ial  osteoblasts  may  be  seen  escaping 
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from  their  calcareous  surrounding  and  apparently  coales- 
cing to  form  osteoclasts  in  the  manner  described  by  KoUi- 
ker.  This  is  an  important  fact,  because  Manasse  main- 
tains that  in  otosclerosis  the  process  of  absorption  of  the 
bone  is  carried  out,  not  by  osteoclasts,  but  by  simple 
pressure.  Now,  whether  Manasse  is  or  is  not  right  in 
his  view  regarding  the  bony  change  most  common  in 
otosclerosis,  his  view  cannot  be  held  to  be  correct  in  regard 
to  the  bony  change  in  the  diseased  area  under  considera- 
tion. 

My  own  view  of  the  matter  is  that  the  processes  seen  in 
the  two  regions  in  this  case  are  fundamentally  similar, 
though  the  anatomical  result  is  so  different.  That  is  to  say, 
they  both  consist  first  in  the  constant  slow  absorption  of 
bonr  followed  immcdiiitely  by  the  slow  deposition  of  bone. 
The  different  anatomical  result,  then,  would  depend  merely 
on  the  relative  rates  of  these  two  factors.  If  the  process 
of  deposition  occurs  more  extensively  than  that  of  absorp- 
tion, as  is  usually  the  case,  then  there  is  an  increase  in 
the  total  amount  of  bone,  and  the  new-formed  focus  of 
bone  tends  to  become  dense  and  also  to  occupy  a  larger 
area  than  before,  thus  causing  exostosis  and  hyperostosis 
and  narrowing  of  tlie  round  and  oval  windows.  This  is 
the  type  of  new  bone  formation  associated  in  the  mind 
of  aurists  witlj  otosclerosis. 

If,  on  the  other  hand,  the  process  of  deposition  pro- 
ceeds more  slowly  than  absorption,  then  the  bom-  under- 
goes a  constantly  increasing  process  of  rarelartion,  and 
does  not  increase  in  volume.  This  is  what  is  found  in 
the  urea  of  highly  ran  fied  bone  found  in  the  i  ase  under 
discussion,  and  a  somewhat  similar  process  is  apparent 
in  Case  II,  though  in  the  latter  tlure  is  not  to  be  found 
any  deposit  of  new  bone  at  all.  Ihis  type  of  cliuiige 
in  the  bone  has  not  hitherto  been  descrilwd. 

The  reason  for  the  co-existence  of  these  two  anatomic- 
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aUy  different  types  of  diseased  bone  in  the  same  indi- 
vidual and  in  close  juxtaposition  is  a  mattei  for  con- 
jecture.    I  am  inch.  >d  to  think  that  in  this  particular 
case  the  age  of  the  patient  at  the  time  when  the  bony 
change  took  place  most  probably  accounts  for  the  ditter- 
ence     The  alteration  in  the  bone  which  has  hitherto  been 
regarded  as  characteristic  of  otosclerosis,  and  which  is 
present  in  this  case  in  front  of  th..  oval  window  and  along 
the  whole  of  the  footplate  of  the  stapes,  begun  in  com- 
paratively early  life,  the  symptoms  dating  from  about  the 
age  of  20.    This  is  confirmed  by  the  fact  that  when 
examined  by  the  microscope  it  is  clear  that  the  cellular 
activities  within  the  focus  are  little,  if  at  all.  more  pro- 
nounccd   than  in   normal  bony  tissue.      For  example, 
osteoclasts  are  either  scanty  or  absent  from  many  sections 
and  the  bone  stains  hardly  more  deeply  than  the  norma 
surrounding  bone.     On  the  other  hand,  in  the  repion  0 
rarefied  bone  in  front  of  the  facial  nerve  and  the  horizontal 
semicircular  canal,  a  very  different  state  of  affairs  was 
clearly  in  existence  at  the  time  of  death.     Cellular  activity 
was  very  great,  as  shown  by  several  facts.     For  example, 
the    new-formed    bone    stains    deeply,    osteoclasts    are 
present  in  iarg.  numbers,  and  many  osteoblasts  are  seen 
emerging  from  their  calcareous  matrix  and  coalescing  to 

form  osteoclasts.  ,       -.i 

In  this  case,  therefore,  it  may  be  conjectured,  with  a 
fair  degree  of  pn.bahiUtv.  that  the  different  ages  at  which 
the  disease  processes  were  active  account  for  the  difference 
in  the  structural  results.  For,  after  all.  apart  from 
actual  pathological  changes,  it  must  be  remembered  that 
in  so  far  as  changes  in  bony  tis.Hue  cKCur  as  the  result  ot 
old  age.  these  changes  on  the  whole  are  rather  of  the 
nature  of  absorption  than  t,f  deposition. 

Before  leaving  the  subject  the  reader  may  be  advised 
to  refer  again  to  Case-  II.  in  v  hich  also  the  absorption  ol 
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Case  IV--Fig.  15 

LEFT   EAR 

Stereoscopic  View  of  the  Inner  Wall  of  the  Tympanic  Cavity, 
showing  how  the  stapes  is  fixbc 

a.  Anterior  crus  of  stapes. 

1.  Tendon  of  stapedius  muscle.  ,  ..  ■  ,        ^ 

/.  Upper  margm  of  tlio  l.p  of  tlu-  round  window,  very  much  thickened 

by  hyperostosis. 
r.  Hound  window,  considerably  narrowed  by  hyperostosis. 
This  photograph  should  be  viewed  through  a  stereoscope. 
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Cask  IV— Fig.  i6 

LEFT   EAR 

Horizontal  Section  through  the  Petrous  Portion  of  the 
TEMtoRAi  Bone,     x  S 

n.  Facial  nerve.  i:,j.„i„ 

It  Large  focus  of  diseased  rallied  bone  m  the  region  immediately 
■  behind  the  oval  window.  Iho  process  c,f  absorption  of  bone 
has  been  so  marked  that  only  a  few  small  islets  of  bone  aie 
seen  (dar' iy  stained)  surrounded  by  large  spaces  filled  with 
marrow.  Theie  has  also  been  a  process  of  deposition  of  new 
bone  in  this  region,  as  is  shown  by  the  fact  that  the  posterior 
rairgin  of  the  footplate  of  the  stapes  is  united  by  a  bridge 
of  .liseased  bone  to  the  wall  of  the  oval  window. 
Horiiontal  semicircular  canal,  cut  in  two  different  places. 
Vosterior  semicircular  canal.  .        ,       ,         ^..  , 

Footplate  of  stapes  very  much  thickened  by  the  deposition  of 
d,scaseu  cancellous  bone.  A  bridge  ol  the  diseased  porous 
bone  is  seen  passing  fiom  the  anterior  margin  of  the  footplate 
of  the  stapes  to  the  focus  of  diseased  bone  in  the  region  adjacent 
to  the  anterior  wall  of  tlic  oval  windov. 
V  Vestibule;  considerably  smaller  than  noi.ual. 
a   InternU  auditory  meatus;   narrower  than  norm-'.. 


h.k. 
P- 
t. 


M 


iji 


!  I 


1' 


I 


'%     1 


I 


■■■■iHMli 


m 


1.0 


I.I 


1^ 

Ui  m     12.2 

?  "^    lllliia 

h>Ul4 

1.8 

1.4 


1.6 


MICROCOPY  RESOLU'i  ION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS 

STANDARD  REFERENCE  MATERIAL  1010« 

(ANSI  ind  ISO  TEST  CHART  No  2| 


AT 


In- 


mcitvus  ;    (i»iutv.f»  il»'i  u."i.; 


0,  0. 

U,d. 
n,  n. 


Case  IV— Fig.  17 

LEFT    l£.\R 

Horizontal  Section  throui...  the  Anterior  Hegion  oe'  the  Stape- 

UIO-VESTIUULAR  ARTICULATION   AND    THE    ADJACENT  I'ORTIONS  OF 

THE  Bony  Capsule  of  the  Labyrinth   and  the  Footplate 
of  the  Stapes,     x  80  ca. 

Normal  bony  capsule  of  the  labyrinth. 

Line  of  demarcation. 

Focus  of  diseased  porous  bone,  reaching  beyond  the  stapedio- 
vestibular  articulation,  into  the  footplate  of  the  .stapes.  It 
will  be  noticed  that  the  diseased  bone  is  more  porous  than 
the  normal  bone.  The  lamcUation  is  almost  as  perfect  as 
in  normal  bone. 

Bridge  of  bone  passing  from  the  wall  of  the  oval  window  to 
the  footplate  of  the  stapes,  and  cau.sing  ankylosis. 

Footplate  of  stapes.  There  is  none  of  the  original  Ixjny  tissue 
present,  the  whole  of  the  footplate  having  been  replaced  by 
new-formed  porous  bone,  and  at  the  same  time  very  much 
thickened. 

Mucous  liniir.;  of  the  tympanum  passing  down  into  the  il<    |) 
cleft  toinad  by  the  greatly  thickened  edges  of  the  footplate 
of  the  etapes  and  the  wall  of  the  oval  window. 
Irregular  muwa  probably  representing  calci^rcous  deposits. 

.  Vestibule. 
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Case  IV— Fig.  i8 

LEFT   EAR 

Horizontal  Section  through  the  Posterior  Margin  of  the  Oval 
Window  and  Adjacent  Structures,     xiooca. 

m,  m.   Large  spaces  filled  with  marrow  in  the  highly-rarefied  diseased 

bone.     (See  fig.  i6.) 
n.  Darkly  stained  new-formed  bone  lining  the  marrow-spaces. 
o.  Old  normal  bone  of  the  part.     It  is  gradually  being  absorbed 

and    the    new-formed    bone    lining    the   marrow-spaces   is 

deposited  in  its  place. 
V.  Vestibule. 

i.   Mucous  lining  of  the  tympanum. 
6.  Bridge  of  diseased  porous  bone  uniting  the  posterior  margin 

of  the  footplate  of  the  stapes  withthc  wall  of  the  oval  window. 
d,  d,  d.   Line  of  demarcation  between  the  diseased  otosclerotic  porous 

bone  and  the  remains  of  the  old  normal  bono  of  this  portion 

of  the  capsule  of  +he  labyrinth. 
/.   Footplate  of  the  stapes.     The  normal  bone  of  the  footplate 

has  entirely  disappeared  and  been  replaced  by  the  porous 

borr,'  tissue  characteristic  of  otosclerosis. 
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Case  IV — Fig.  19 

LEFT   EAR 

Section  through  the  Region  adjacent  10  the  Margin  at  which 
THE  Normal  Bone  is  being  transformed  into  the  highly 
Rarefied  Bone  behind  the  Oval  Window.  The  Portion  to 
Tin;  Right  and  Above  is  the  Normal  Bone  close  to  the  Hori- 
zontal Semicircular  Canal  as  shown  in  Fig.  16,  and  has  no 
Marrow-space,    x  120  ca. 

m,  m.   Spaces  formed  b;   the  ;vbsorption  of  bone  and  now  filled  with 
marrow. 
«,  n.  New-formed  bone,  deeply  stained,  deposited  round  the  margins 
of  the  old  bone,  faintly  stained,  as  the  latter  is  being  absorbed. 
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Case  IV — Fig.  20 

LEFT  EAR 

Section  through  a  Portion  of  the  highly  Rarefied  Bone  in  the 
Region  behind  the  Oval  Window.    X250ca. 

m.  Marrow  occupying  the  space  formed  by  the  absorption  of  bone. 
M.  Layer  of  new-formed  bono  deposited  along  the  outer  surface  of 

the  old  bone  as  the  latter  is  absorbed. 
0.  Old  normal  bone  of  this  region. 
p.  Phagocytic  giant-cell  in  process  of  absorbing  both  the  ncw-fori  '-d 

bone  (<larkly  staintd)  and  the  old  bone  (faintly  stained).     I'lie 

ceil  is  an  osteoclast. 
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bone  was  much  rn  >re  marked  than  the  deposition;  in 
fact,  the  latter  was  altogether  absent.  In  that  case,  old 
age  was  not  the  factor  which  produced  the  anatomical 
result  so  different  from  that  hitherto  associated  with 
otosclerosis.  Probably  the  very  low  state  of  health  of  the 
patient  was  tha  determining  factor. 

Returning  to  the  description  of  the  case  under  con- 
sideration, there  only  remains  to  be  made  a  brief  reference 
to  the  membranous  structures.    At   has  already    been 
stated,  the  preparation  hbd  lain  so  long  in  weak  spirit 
before  it  reached  me  that  the  membranous  structures  of 
the  organ  of  Corti  and  due  us  cochlcaris  had  undergone 
disintegration  to  such  a  degree  that  no  possible  inference 
could  be  drawn  as  to  whether  or  not  any  pathological 
change  had  occurred  in  these  stmctures.    With  regard 
to  the  gangUon  spirale,  it  may  be  stated  that  it  did  not 
show  any  changes  which  could  be  considered  to  be  patho- 
logical.    It  has  been  previously  pointed  out,  however, 
that  this  is  merely  negative  evidence,  and  it  is  quite 
possible  that  patliological  changes  may  have  been  present, 
but  arc  not  demonstrable  by  tnc  present  methods  of 
preparation. 
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CHAPTER   V 

GENERAL  CONSIDERATIONS 
ON  THE  .>ATHOLOQICAL  CHANQES 

In  the  first  place  it  will  be  observed  that  in  the  four  cases 
reported,  various  stages  in  the  evohition  of  the  disease 
as  regards  time  are  represented.  Thus,  the  symptoms 
had  been  in  existence  for  one  year,  three  years,  twenty- 
five  years,  and  sixty  years  respectively.  As  regards  the 
degree  of  deafness  also,  the  symptoms  varied  from  com- 
paratively slight  dulness  to  deafness  of  an  extreme  degree. 

The  ages  at  the  time  of  onset  were  respectively  32, 
48,  between  25  and  30,  and  20.  In  respect  to  sex,  it  is 
to  be  noted  that  all  were  female.  Two  were  married  and 
two  unmarried. 

With  regard  to  the  state  of  health  at  the  time  of  onset 
of  the  symptoms,  in  two  cases  (III  and  IV)  the  health, 
so  far  as  the  patients  could  remember,  was  very  good,  and 
they  could  not  attribute  their  deafness  to  any  special 
cause.  In  Case  1  the  patient  felt  quite  well  when  he 
dulness  of  hearing  began,  but  it  is  to  be  observed  that  :>he 
showed  signs  of  phthisis  a  year  later.  In  Case  II  the 
patient  had  been  suffering  from  phthisis  for  two  years 
previous  to  the  first  sign  of  deafness. 

Inherited  tendency  to  deafness  was  not  known  in  the 
families  of  Cases  I  and  II,  but  it  should  be  stated  that 
neitlier  of  these  patients  knew  much  about  their  relations. 
In  Case  HI  tlio  grandfather  was  known  t!>.  b«'  deaf,  but  this 
may  have  bi-en  due  to  old  age.     An  aunt  on  the  paternal 
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side  was  deaf,  and  this  was  not  due  to  old  age ;  but  beyond 
that  fact  no  more  information  could  be  gathered,  so  that 
the  aunt  may  or  may  not  have  been  deaf  from  otosclerosis. 
In  Case  IV  non-suppurative  deafness  was  a  very  marked 
feature  of  the  family  tree,  and  had  been  well  recognised 
by  the  family  for  several  generations. 

Tinnitus  was  constantly  present  and  was  very  dis- 
tressing in  Case  III.  It  was  also  constantly  present  in 
Cases  II  and  IV,  but  in  neither  of  these  was  it  distressing. 
In  Case  I  it  was  hardly  present  at  all,  being  only  noticed 
on  rare  occasions,  and  even  then  only  for  a  few  moments. 
Paracusis  was  definitely  observed  in  Case  II,  but  was  not 
observed  in  Cases  I  and  IH.  No  reference  was  made  to 
its  occurrence  in  Case  IV,  so  far  as  is  ascertainable  from 
the  patient's  friends. 

Hearing  was  comparatively  shghtly  affected  in  Cases  I 
and  II,  but  in  Cases  III  and  IV  the  deafness  was  extreme 
though  not  absolute. 

Vertigo  was  not  present  in  any  of  the  cdi. 
The  above  synopsis  of  the  clinical  facts  mi.j  be  corre- 
lated with  the  corresponding  synopsis  of  the  facts  re- 
vealed in  pathological  examination,  which  will  now  be 
given. 

As  regards  the  middle  ear,  no  suppurative  disease  was 
present  in  any  of  the  cases,  but  in  Cases  II  and  III  there 
was  a  scar  in  the  membrane  of  the  ear  of  one  side ;  but 
apparently  this  did  not  affect  the  hearing. 

The  mucous  membrane  of  the  tympanum  was  normal 
in  all  four  cases,  except  Case  II,  and  the  Eustachian 
tubes  were  also  unaffected  in  all,  so  far  as  post-mortem 
examination  could  ahow.  Microscopic  examination  showed 
that  there  was  no  inflammatory  activity  in  the  mucous 
membrane  over  the  promontory  or  elsewhere.  In  '"ase  IV, 
however,  there  was  some  evidence  of  calcareous  deposits, 
associated  with  a  slight  degree  of  fibrous  thickening  in 
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the  muco-periosteum  over  the  diseased  area  of  bone  in 
the  footplate  of  the  stapes  and  pelvis  of  the  oval  window. 
In  all  the  cases  the  stapedius  muscle  and  the  tensor 
tympani  were  perfectly  healthy  in  appearance.  The 
striation  was  normal  and  there  was  no  sign  of  fatty  or 
other  degeneration. 

Symmetry.— Changes  in  the  bone  were  present  m  all 
four  cases,  and  in  the   three  in  which  both  ears  were 
examined,  the  change  was  symmetrical,  it  might  almost 
b.^  said,  to  the   minutest  detail.      In  the   fourth   case 
only  one  ear  was  sent  for  examination,  but   clinically 
both  ears  were  similarly  affecte.l.  and  it  is,  therefore, 
very   probable   that   the   symmetry  was    present  in   it 
also       In  Case  I  not   only  was   the  symmetry   of  the 
bony  lesion  remarkable,  but  the  actual  pi  ases  of  the 
osseous  changes  within  the  diseased  area  were,  so  to  speak, 
remarkably    symmetrical.     Thus    the    portion    of    the 
diseased  area  in  which  absorption  rather  than  deposition 
of  bone  was  most  marked,  occupied  the  same  anatomical 
position  on  each  side.     Again,  in  Case  III  the  very  hne 
bridge  of  bone  passing  from  the  footplate  of  the  stapes 
to  the  wall  of  the  oval  window  occupied  exactly  the  same 
relative  position  in  cither  temporal  bone.     In  Case  II  the 
curious  type  of  bony  change,  so  different  from  that  hitherto 
associated  with  otosclerosis,  was  symmetrical  both  in  the 
character  of  the  change  and  in  the  area  affected.    1'  inally . 
in  regard  to  the  symmetry  of  the  lesion  in  all  three  cases 
it  may  be  pointed  out  that  only  one  focus  of  diseased 
bone  was  found  on  each  side. 

In  making  these  remarks  upon  the  symmetry  of  the 
bony  lesion.  I  am  weU  aware  of  the  fact  that  cases  have 
been  recorded,  such  as  that  of  Manasse,'  in  vvhich  the 
lesion  was  not  bilateral.  Nevertheless,  a  study  of  the 
cases  recorded  by  many  observers  leads  one  irresistibly  to 

>  Manassc,  oO.  cit. 


GENERAL   CONSIDERATIONS 


145 


the  conclusion  that  symmetry  is  a  marked  feature  of  the 
disease.  The  well-recognised  clinical  facts,  of  course, 
fully  support  that  view. 

Another  feature  noti  "cable  in  all  the  four  cases  is  the 
hmitation  of  the  area  of  diseased  bone.  This  was  par- 
ticularly characteristic  in  Cases  I,  II,  and  III,  and  even 
in  Case  IV  the  anterior  border  of  the  diseased  bone  cor- 
responded almost  exactly  with  those  of  the  iirst  three 
cases.  Indeed,  we  may  say  that  so  far  as  the  anterior, 
external,  and  internal  boundaries  of  the  lesion  are  con- 
cerned, these  are  practically  the  same  in  uU  four  cases. 
This  is  very  remarkable  when  it  is  remembered  that  the 
duration  of  the  disease  in  the  four  cases  varied  from  one 
to  sixty  years. 

As  rcf,ards  the  posterior  Hmit  of  the  diseased  area, 
Case  III  differed  only  from  Cases  I  and  II  by  a  minute 
fraction  of  a  millimetre,  this  minute  portion  consisting 
only  of  a  bridge  of  bone  replacing  the  ammlar  ligament 
at  one  point,  and  causing  ankylosis.  In  Case  IV  the 
posterior  margin  of  the  lesion  was  situated  much  further 
back,  in  the  region  behind  the  oval  window. 

In  contrast  with  the  remarkable  similarity  in  the  area 
affected  in  all  four  cases  is  the  difference  in  the  staining 
reaction.  In  Case  I,  with  deafness  of  +hree  years'  dura- 
tion, the  portion  of  the  diseased  ar  ich  absorption 
of  bone  was  taking  place,  stained  -y,  while  that  in 
which  the  deposition  of  bone  was  occurring  stained  very 
deeply.  In  Case  II,  with  deafness  of  only  one  year's 
duration,  and  in  which  only  absorption  of  bone  was  taking., 
place,  and  no  deposition  of  it,  the  whole  area  stained 
faintly.  In  Case  III,  with  deafness  of  twenty-five  years' 
duration,  there  was  no  evidence  either  of  active  deposi- 
tion or  absorption  of  bone,  and  the  staining  of  the  diseased 
area  was  almost  identical  with  that  of  the  surrounding 
nornal  bone.  In  Cast-  IV,  with  deafness  of  sixty  years' 
10 
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duration,  the  staining  over  all  the  anterior  portion  of  the 
diseased  area  was  alnaost  identical  with  that  of  the  sur 
rounding  normal   bone,   but   in   the  extreme   p-oiPrior 
portion  of  the  diseased  area,  the  staining  was  deep  in 
the  portions  in  which  deposition  of  bone  was  occurring 
and  faint  in  those  in  which  absorption  was  taking  place. 
From  these  facts,  we  may  infer  that,  in  at  least  many 
cases    of    oto.  lerosis,    the    limitation    of   the    diseased 
focus  of  bone  is  decided  at  a  very  eariy  period  of  the  dis- 
ease, particulariy  so  tar  as  the  anterior  margin  is  con- 
cerned.    In  other  words,  the  Une  of  demarcation  does  not 
indicate  an  advancing  edge,  as  some  pathologists  seem  to 
think,  but  rather  a  limit  within  which  certain  changes 
have  taken  or  are  taking  place,  but  beyond  which  the-^e 
changes  are  not  hkely  to  occur,  so  far  as  that  particu;ji 
focus  is  concerned.     In  making  this  statement  the  writer 
is  well  aware  that  a  number  of  cases  have  been  described 
by  other  investigators  in  which  the  area  of  diseased  bone 
is  much  larger  than  in  any  of  the  four  cases  recorded  in 
the  preceding  pages.     In  such  cases  of  more  extensive 
areas  of  diseased  bone,  the  explanation  of  their  occurrence 
is  to  be  found  more  probably  in  the  coalescing  of  several 
foci   in   different  parts  of   the  capsule   of  the   cochlea, 
rather  than  in  the  gradual  extension  of  one  focus. 

Tl.e  existence  of  a  line  of  demarcation  does  not 
necessarily,  or  indeed  frequently,  indicate  that  there 
is  present  any  special  activity  in  the  cellular  change-, 
in  the  bone.  This  is  a  very  important  matter,  and  the 
failure  to  rpcognise  the  fact  has,  I  venture  to  think,  led 
some  writers  into  error  in  regard  to  the  process  by  which 
the  old  bone  is  absorbed.  Thus,  Manasse,  and  following 
him,  Panse,  lay  great  importance  on  the  fact  that 
osteoclasts  are  not  found  in  the  region  of  the  line  of 
demarcation  ;  and  that  therefore  the  absorption  of  tbo  old 
bone  is  not  carried  out  by  osteoclasts  as  in  normal  bone. 
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Now,  to  judge  from  my  own  cases,  I  am  inclined  to 
think  that  this  is  an  error,  but  a  very  excusable  one.  In 
the  very  great  majority  of  cases  of  otosclerosis  hitherto 
examined,  the  disease  had  been  in  progress  for  a  long 
period  of  time,  and  in  these  cases  osteoclrsts  are  not 
found  in  the  neighbourhood  of  the  line  of  demarcation. 
Such  a  case,  for  example,  is  Case  III,  and  the  .ame  applies 
to  the  anterior  hne  of  demarcation  in  Case  IV.  From 
an  examination  of  a  very  early  case  such  as  Castj  I,  how- 
ever, the  process  of  absorption  of  bone  may  be  studied 
satisfactorily.  It  is  particularly  valuable  in  this  r  spect, 
because  within  the  focus  of  diseased  bone  one  portion 
shows  how  absorption  takes  place  by  means  of  osteoclasts, 
while  in  the  other  portions  the  bone  is  being  deposited 
and  not  absorbed,  and  osteoclasts  are  not  found  even 
along  the  Une  of  demarcation. 

Case  W  is  also  instructive  in  regard  to  the  changes 
which  occur  in  the  bone.  There  are  two  distinct  areas 
which  border  on  one  another.  The  first  is  that  which 
extends  from  the  hne  of  demarcation  in  front  of  the  oval 
window  to  the  other  hne  of  demarcation  which  lies  very 
close  behind  the  posterior  margin  of  the  oval  window, 
and  thus  includes  the  whole  of  the  footplate  of  the  stapes. 
This  is  an  old  focus,  and  there  is  no  more  cellular  activity 
in  the  bony  tissue  than  in  the  normal  portion  of  the 
cap-^ule  of  the  labj-rinth.  Osteoclasts,  therefore,  are  not 
found.  The  second  area  of  diseased  bone  lies  behind  the 
first,  and  is  clearly  seen  to  be  in  a  state  of  cellular  activity, 
and  the  process  of  absorption  is  going  on  so  rapidly  that 
the  bone  is  becoming  highly  rarotied.  Consequently 
osteoclasts  are  found  in  this  area. 

Thus,  tliere  are  three  types  of  change  in  the  bone 
in  otosclerosis.  First,  by  far  the  most  common  type,  if 
one  is  to  judge  by  the  total  results  of  all  investigator i; 
of  the  subject  hitherto,  is  that  in  which  absorption  is 
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followed  by  the  deposition  of  bone,  the  new-formed  bone 
bring  in  excess  of  that  absorbed.  Cases  1  and  III  and 
the  anterior  portion  of  the  diseased  area  in  Case  IV  are 
of  this  type.  Second,  a  type  in  which  the  abs  >rption 
of  bone  is  followed  by  deposition,  but  the  new-formed 
bone  falls  short  in  amount  of  that  which  is  absorbed. 
This  is  seen  in  the  posterior  portion  of  the  diseased  area 
in  Case  IV.  Third,  a  type  in  which  absorption  occurs 
without  any  subsequent  deposition  of  bone.  Case  II 
is  an  example  of  this  type. 

So  far  as  the  writer  is  aware,  the  second  and  third 
types  have  not  previously  been  described. 

A  careful  examination  of  Cases  I  and  II  throws  grave 
doubts  upon  or  perhaps  even  actually  disproves  Manasse's 
view  that  in  otosclerosis  the  deposition  of  new  bone  is 
the  prin-pry  change  in  the  disease,  and  absorption  of  the 
old  bone  a  secondary  change,  depending  upon  the  pressino 
exercised  by  the  newly  deposited  mass.  In  Case  II  there 
is  no  evidence  of  deposit  of  bone  at  all,  but  only  of 
absorption.  In  Case  I  the  most  recently  affected  an  a 
is  that  in  which  there  is  no  evidence  of  the  di  position  of 
bone,  so  that  in  this  case  also  absorption  cannot  have 
been  caused  by  the  pressure  of  newly  deposited  material. 
In  this  respect  my  own  investigations  agr(  e  with  those  of 
Siebenmann. 

In  regard  to  the  question  as  to  whether  the  bony 
changes  in  otosileros.s  are  to  be  classed  as  iiillanunatory 
or  not,  opinions  among  those  who  have-  studied  the 
|i  lem  are  sharply  divided.  Siebrnmanii  and  Hriihl 
hold  the  view  tiiat  the  process  is  not  intlannnatory.  the 
latter  referring  to  it  as  "  formative,"  Maiiassi-,  Panse, 
and  others  look  upon  the  bony  change  as  being  the  result 
of  chronic  inflammation. 

The  result  of  my  own  investigations  is  entirely  in  favoiu- 
of  the  view  that  the  ciiange  is  not  associated  with  chrome 
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inflammation.  In  none  of  my  preparations  was  there 
any  evidence  of  round-cell  infiltration,  and  the  sharp  line 
of  demarcation  is  a  feature  hardly  consonant  with  a 
pathologist's  conception  of  chronic  inflammation. 

Habermann's  view  of  the  pathological  process  is  that 
the  change  in  the  bone  is  the  result  of  chronic  in<i  immation 
in  the  periosteum  of  the  tympanic  cavity.  It  is  of 
interest  to  note  that  at  one  time  Politzer  held  this  view, 
but  he  has  since  given  it  up  and  now  holds  that  the 
characteristic  change  occurs  in  the  body  capsule  of  the 

labyrinth.' 

When  otosclerosis  was  first  described  as  a  change  in 
the  bony  capsule  of  the  labyrinth,  it  was  supposed  that 
ankylosis  of  the  stapes  was  an  essential  sequence  upon 
the  pathological  change.     Even  now,  Briihl  would  con- 
sider that  the  cases  in  which  this  occurs  should  be  separ- 
ated from  the  others,  and  should  alone  be  included  under 
the  name  of  otosclerosis.     It  is,  however,  difficult  to  see 
why  tlie  term  should  be  limited  in  this  way,  unless  it  be 
for   purely   clinical    reasons.      The    fact    that    the    most 
conmion  position  at  which  the  process  begins  is  the  region 
immediately  in  front  of  the  oval  window  docs  not  indicate 
any  fundamental  difference  in  regard  to  the  pathological 
clianges.     These  are  the  same,  no  matter  what  part  of 
the  capsule  of  the  labyrinth   is  affected.     The  present 
writer's  explanation  of  the  fact  that  tlie  region  referred 
to  is  particularly  liable  to  undergo  these  changes,  i>  given 
1)1  low,  and  depends  in  p.ii  t  al^o  upon  the  evolution  of  the 

1  Since  this  wan  wiittcn,  Frasir  •  has  (U'monstrntr.l  a  viry  intircst- 
iiiK  case  o<  otosclerotic  foci  Declining  in  the  capsuh-  o(  the  Uihyrintli 
in  a  cast-  ol  siii-puiativo  niiiltllo  car.  This  cnsp  cnnfinus  by  iluctt 
pathological  ohsirvation  wh.it  I  liavc  ileiliitcil  Irom  clinical  cviilcnco 
(SIC  section  on  Ihnditv),  that  suppurativr  inichilo  rar  iliscasc  may 
he  till-  mumdiatc  lactoi  in  ot.. sclerosis.  It  ilocs  not,  however,  prove 
that  otosclerosis  is  always  or  even  fre<piently  thu  lesull  ..I  lui.l.Ue  ear 
infection. 

»  [I'loi..  Hoy.  itic.  McU.,  May  lyth.  lyiO.) 
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organ  t.^ce  p.  57).  The  san  c  explanation  also  accounts 
for  the  fact  that  the  capsule  of  the  cochlea  is  much  more 
frequently  affected  than  the  portion  which  surrounds  the 
rest  of  the  vestibule  and  the  semicircular  canals. 

Briihl's  explanation  of  the  fact  that  the  most  common 
position  for  the  bony  change  is  in  front  of  and  above  the 
oval  window  is  ingenious.  It  is,  that  the  play  of  the 
tendon  of  the  tensor  tympani  in  close  proximity  to  this 
region  detcrmities,  in  many  cases,  the  initial  focus  of  the 
disease  in  the  bone.  I  think  it  quite  probable  that  this 
may  be  a  factor,  but  there  is  another  which  I  think  as 
important.  This  is  the  stress  which  is  imposed  upon  the 
walls  of  the  oval  window  by  the  movements  of  the  stapes. 
It  must  be  remembered  that  when  the  stapes  moves, 
strain  is  put  upon  the  fibres  of  the  annular  ligament,  and, 
through  them,  upon  the  walls  of  the  oval  window.  Now, 
the  hues  of  stress  do  not  cease  at  the  walls  of  the  oval 
window.  Movement  ceases  there,  but  the  lines  of  stress 
are  raiUatcd  through  the  surrounding  bone  all  the  same, 
and  the  living  cells  in  the  bone  will  respond  to  this  by  an 
increased  activity  in  some  way.  In  those  who  have  a 
predisposition  to  otosclerosis  the  result  of  this  increased 
activity  will  be  the  establishment  of  the  disease  first  at 
that  region. 

l"^urther,  this  explanation  accounts  for  the  fact,  so  well 
known  clinically,  that  a  considerable-  number  of  cases 
of  otosclerosis  are  associated  willi  chronic  nasal  or  naso- 
pharyngeal catarrlis.  Indeed,  many  really  are  mixed, 
and  the  mistake  is  made  in  diagnosing  them  as  cases  of 
l)urely  nasal  or  Eustachian  origin,  in  the  light  of  the 
explanation  given  above,  it  is  not  dithcull  to  follow  the 
sinpuiue  of  events.  The  ciinmic  catarrh  in  the  nose  or 
naso- pharynx  leads  to  more  or  less  Eustachian  obstruction, 
with  resulting  indrawiiig  of  tlie  tympanic  numbrane  tiud 
,  i.jjjj,   .,f  oKMrlcH.     Owine  to   the  inward   pressure,  the 
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Ugamentum  annulare  is  in  a  constant  state  of  hyper- 
te.,.ion,  and  transmits  the  stress  to  the  walls  of  the  oval 
window  and  the  bone  in  the  neighbourhood,  as  described 
above,  with  the  result  that  in  those  in  whom  there  is  any 
tendency  to  otosclerosis,   the  bony  change  is  prone  to 
manifest  itself  in  that  region.  Even  in  these  cases,  however, 
the  fundamental  principle  that  the  pathological  process 
in  otosclerosis  depends  upon  the  evolution  of  the  organ 
of  hearing,  still  holds.     For  we  find  that  the  bony  change 
tends  to  arise  in  front  of  the  oval  window  rather  than 
behind  it.  and  in  its  later  extension  affects  the  bony 
capsule  of  the  cochlea,  while  with  *he  rarest  exceptions, 
the  bony  capsule  of    the  semicircular    cana       emams 

unaffected.  ,    ,    .       ■     .u 

It  is  interesting  to  consider  the  period  of  time  m  the 
course  of  the  disease  at  which   ankylosis  occurs  m  the 
stapedio-vestibular   articulation;    but    it    must    be    ad 
mitted  that  the  conclusions  arrived  at  are  for  the  most 
part  speculative.     In  Cases  I  and  II,  in  which  the  disease 
had  been  in  existence  for  one  and  three  years  respectively, 
there  was  no  sign  of  the  involvement  of  the  articulation 
in  the  bony  change.     In  Case  III,  in  which  the  disease 
had  lasted  twenty-five  years,  bony  ankN  losis  had  actually 
occurred.    But  .n  this  case  it  must  be  pointed  out  that  the 
trabecula  of  bone  uniting  the  stapes  to  the  wall  of  the  oval 
window  was  extremely  thin,  occupying  a  depth  of  about 
40  or  50  M.  and  was  only  present  in  a  vuy  limited  region 
at  the  anterior  extremity  of  the  oval  window     I'urther, 
the  bony  change  extended  only  a  very  short    distance 
into  the  footplate  of  the  stapes.      AH  these  facts,  lum- 
ever  are  no  proof  that  ankylosis  had  occurred  recently. 
Indeed    the  fact  that  the  otosderotic  bone  m  this  region 
did  not  stam  any  more  deeply  than  the   normal  b..ne 
shows  that  the  change  cannot  have  been  of  very  recent 
date.     In  Case  IV.  in  which  the  disease  had  been  present 
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for  over  sixty  years,  the  footplate  of  the  stapes  was 
united  by  bone  in  all  its  circiinuerence  to  the  walls  of  the 
oval  window. 

We  may  conjecture,  therefore,  that  ankylosis  is  not 
usually  an  early  feature  of  the  disease,  and  may  in  some 
cases  be  a  comparatively  late  one,  and  perhaps  may  never 
occur  at  all.  But  further  investigation  on  this  subject 
is  necessary  before  we  can  speak  with  'ny  degree  of 
certainty. 

Leaving  now  the  consideration  of  the  changes  in  the 
bony  capsule,  which  are  so  characteristic  of  otosclerosis, 
the  question  arises  as  to  the  part  which  the  nerve  structures 
play  in  the  disease. 

It  will  be  seen  that  in  three  of  the  cases  recorded  in 
this  paper,  the  sound-perceiving  apparatus  showed  no 
sign  of  pathological  ciiange,  and  in  the  fourth  case  no 
(I-cision  on  this  point  could  be  given.  The  same  normal 
condition  of  the  sound-perceiving  apparatus  has  been 
described  by  other  investigators. 

On  the  other  hand,  it  is  unquestionable  that  some  cases 
of  otosclero.sis  show  marked  degenerative  or  atrophic 
changes  in  the  nerve  structures  of  the  labyrinth.  Manasse 
has  described  a  most  instructive  case  in  which  the  bony 
changes  cliaracteristic  of  otosclerosis  were  associated  with 
marked  pathological  changes  in  the  nerve  structures  of 
(lie  membranous  labyrinth  in  one  ear.  while  in  the  other 
ear  the  bony  capsule  of  the  labyrinth  was  normal,  and  the 
nerve  structures  were  markedly  affcitcd. 

Again,  it  ai)peiirs,  judging  from  cliniial  evidence,  that 
the  sound-perceiving  structures  tend  ultimately  to  become 
involved  as  time  goes  on. 

l-'inally,  it  must  be  rei  lenibend  that  even  when  nerve 
structures  present  a  |)erfectly  n'lnial  appearancr  under 
the  microscope,  we  are  by  no  means  justilini  in  stating 
that  they  are  really  normal  in  the  physiological  sense  of 
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the  term.  As  proof  of  this  may  be  cited  the  fact  that  in 
some  cases  of  ordinary  neuralgia  even  of  long  duration, 
the  microscopic  examination  may  reveal  no  pathological 
change  in  the  nerve  structures,  and  yet  it  is  inconceivable 
that  there  really  is  no  change.  Also,  as  in  Case  TIT, 
tinnitus  lasting  for  twenty-five  years  produced  no  dis- 
coverable change,  yet  surely  some  change  must  have 
been  present  in  the  nerve-structure.  In  such  a  case  we 
can  only  say  that  there  must  be  a  pathological  change  of 
some  kind,  but  our  present  methods  of  examination  fail 
to  reveal  it. 

How  then  arc  we  to  look  upon  otosclerosis  from  a 
pathological  and  biological  point  of  view  ? 

As  previously  stated,  Briihl  considers  that  the  cases  in 
which  there  are  bony  clianges  in  the  capsule  of  the  laby- 
rinth associated  with  ankylosis  tf  the  stapes  are  different 
from  the  other'',  and  that  the  term  otosclerosis  should  be 
restricted  to  these.  Manasse,  or  the  otlicr  liand,  main- 
tains that  sucli  a  nonicnclature  is  artificial,  anil  tiiat  tiic 
term  otosclerosis  should  bo  abolisht'd.  His  reason  for 
this  point  of  view  is  that  neither  clinically  nor  patiiologic- 
ally  is  it  possible  to  separate  the  groups. 

Manasse's  view  would  probably  i ommend  itself  to 
clinicians  better  than  liriilil's,  because  it  is  undoubtedly 
the  ca'-  'uit  very  fncjueutly  the  clinical  symptoms  and 
signs  \t<'  both  a  b'  ny  change  in  tiie  capsu'e  with 

ankyk  f  the  stapes,  id,  in  addition,  a  change  in  the 
sound-pcrceivii.g  structures.  The  dicficulty  in  accepting 
Manasse's  view  is  that  we  have  not  iiitjurto  ktinwn  of 
any  general  biological  or  pathological  principle  which 
would  account  for  this  freiiuent  association  of  tiie  two 
typos  of  cases,  viz.  those  in  which  the  bony  cai)sule  of 
tho  labyrinth  alone  is  involvo<l,  and  tiiose  in  which  the 
sound-perceiving  apparatus  i^  coincidiiitly  aifn  ted. 
Now,  if  the  whole  question  be  considered  from  the  point 
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of  view  of  the  evolution  of  all  the  structures  of  the  organ 
of  hearing,  the  problem  becomes  clearer. 

The  organ  of  hearing  must  be  considered  as  a  unit 
composed  of  many  different  anatomical  parts,  each  of 
these  parts  having  been  evo)-ed  in  intimate  correlation 
with  one  another.  For  example,  the  formation  of  a  drum 
membrane  and  chain  of  ossicles  is  associated  with  the 
formation  of  an  oval  window,  allowing  the  %'ibrations  to 
be  carried  in  to  the  nerve  terminations.  The  formation 
of  an  oval  window  is  associated  with  the  foraiation  of  a 
round  window,  allowing  the  movements  of  an  incom- 
pressible fluid  to  take  place.  The  increasing  development 
of  the  ncuro-ipithi'lium  is  associated  with  the  absorption 
of  bone  or  cartilage  to  form  ultimately  the  cochlea,  this 
change  being  necessarily  accompanied  by  activit"  in  the 
bone  and  cartilage  cells  surrounding  the  corrcSi  ontiing 
neuro-epitliclium.  And  so  (M1  with  all  the  structures 
concerned,  including  all  the  neurones  associated  with  the 
function  of  hearing  (>ee  p.  57) 

The  whole  organ  of  hearing  from  the  cerebral  cortex  to 
the  auricle  must  therefore,  from  the  point  of  view  of  its 
evolution,  be  considered  a  biological  and  physiological 
unit  ;  and  the  anatomical  portions,  tliough  so  different 
from  one  another  in  tissue  and  structure,  are  intimately 
correlated  in  their  evolution. 

In  the  fertilised  ovum,  therefore,  according  to  the  view 
presented  in  the  previous  section  of  this  paper,  we  may 
consider  that  there  are  inherited,  not  only  potentialities 
for  the  development  of  the  various  tissues  or  structures 
of  wlii<  h  tlie  whok  organ  of  hearing  is  composed,  but  also 
a  potenti.iHty  presiding,  as  it  were,  over  tlie  correlation 
of  these  tissues  nnd  structures  to  one  another. 

Now,  since,  in  accordance  witii  biological  principles, 
tliese  potentialities  cannot  be  possessed  in  exactly  equal 
dc^rLL-  in  ditlerent  individuals  it  is  not  difhcult  to  see 
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why  the  organ  of  hearing  should,  in  some  individuals, 
f  lil  to  withstand  injurious  influences,  while  in  other 
individual:,  in  whom  these  potcntiaUtics  are  more  strongly 
marked,  it  will  be  able  to  resist  such  inHucnccr.. 

Further,  since  these  potentialities  are  inherited,  it 
follows  that  the  pathological  changes  which  arc  included 
under  the  term  otosclerosis  will  tend,  on  the  whole,  to 
show  evidence  of  inheritance,  just  as  is  frequently  the  case 
in  deaf-mutism. 

It  will  naturally  be  asked,  however,  if  the  explanation 
of  the  nature  of  otosclerosis  just  given  be  assumet',  why 
sliould  the  change  in  the  bone  be  so  prominent  a  feature  in 
the  disease  in  comparison  with  other  changes,   as  for 
example  in  the  nervous  system,  the  mucous  lining  of  the 
tympanum,  etc.  ?     There  are  very  good  reasons  for  this. 
In  tlie  first  place,  aural  pathologists  have  in  the  great 
majority  of  cases  made  a  special  point  of  looking  for 
changes  in  the  bone,  whereas  I  know  of  none  (myself 
included)  in  which  careful  macroscopic  examinations  have 
been  made  of  the  cerebral  rort.^x  in  the  temporo-sphe- 
noidal  lobe,  or  in  the  auditory  nuclei  of  the  medulla,  or 
of  the  nerve-fibres  and  glandular  structures  of  the  middle 
ear,  or  of  the  similar  structures  in  the  external  meatus 
and    tympanic    membrane.     This    point    is   particularly 
important,  because  we  know  clinically  tliat  there  is,  in  at 
least  the  majority  of  cases,  a  marked  diminution  in  the 
sensitiveness  of  the  tympanic  membrane  and  external 
meatus,  as  w  11  as  a  diminished  secretion  of  wax.    Changes, 
therefore,  mast  be  present  in  these  structures,  but  patho- 
logists have  never  looked  for  them.     Agiin,  it  is  by  no 
means  unrc;'     -lablc  to  suppose  that  the  (.rominent  symp- 
tom of  tini  may  really  be  due  to  pathological  changes 
in  the  neurom  s  of  the  cerebral  cortex  ..ml  not  to  changes 
in  the   labyrinth  at  all.     If  such  a  supposition  proves 
ultimately  to  be  corrert.  it  would  explain  why  mental 
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exhaustion,  worry,  etc.,  have  such  a  serious  effect  upon 
the  course  of  the  disease,  and  also  why  destruction  of 
the  cochlea  and  section  of  the  auaitory  nerve  do  not 
always  cure  the  tinnitus. 

But  there  is  another  reason  why  the  bony  change 
should  appear  so  prominent  in  the  pathological  as  dis- 
tinguished from  the  clinical  picture.      In  all  the  tissues 
with  which  we  are  at  present  concerned,  except  bone, 
cellular  changes  in  the  sense  of  the  death  or  disintegration 
or  disappearances  of  cells  which  are  substituted  by  others, 
is  a  comparatively  rare  phenomenon  unless  inflammatory 
activity  is  present,  and  this  is  not  the  case  in  otosclerosis. 
Thus,  the  neurone  is  never  replaced  by  another  neurone  ; 
and  except  for  accidental  damage,  it  lasts  throughout 
the  hfe  of  the  individual.     So  far  as  is  known,  glandular 
and  epithelial  and  connective  tissue  cells  have  a  very  long 
Hfe.     But  with  bone  the  case  is  different.     In  this  tissue 
the  disappearance  ol  old  cells  followed  by  the  arrival  of 
new  cells  is  the  normal  condition  of  the  tissue.     If,  then, 
a  very  slow  degeneratiw,  as  distinguished  from  an  inflam- 
matory, change  takes  place  in  the  various  tissues  com- 
prising the  organ  of  hearing,  it  is  not  surprising  that  such 
changes  will  appear   more  prominent   to  the  eye  in  the 
case  of  bony  than  other  tissues.     The  meaning  might  be 
made  rrore  clear  by  expressing  it  in  another  way.     Thus, 
lei  it  be  supposed  tliat  constant  but  slow  reproductixe 
change  is  going  on  in  the  cells  (if  a  normal  portion  of  epi- 
thelial tissue,  so  that  at  the  vm\  of,  say,  two  years  all  the 
original  cells  have  disappeared  and  been  replaced  by  new 
ones.    .\ik1  let  it  be  again  supposed  tliat  a  similar  piece  of 
epi'hehal  tissue  is  subjected  to  a  degenerative  pathological 
process,  so  that  all  the  original  cells  were  replaced  by  new 
ones.     Now,  microscopic  sections  made  through  these  two 
tissues  respectively  would  not  sliow  any  very  noticeable 
difference,  because  at  any  given  tune  llie  cellular  changes 
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are  really  very  slight.  On  the  other  hand,  if  in  a  tissue 
such  as  normal  bone  all  the  old  cells  of  the  tissue  were 
by  the  end  of,  sav,  a  month  replaced  by  new  ones,  and  if 
in  another  piece  of  bone  all  these  old  cells  were  replaced 
within  a  fortnight,  then  the  difference  in  the  staining 
and  other  properties  of  the  two  pieces  of  bone  respectively 
would  be  quite  striking  to  the  eye. 

The  lesson  to  be  learnt  from  these  considerations  is 
that,  as  pathologists,  our  attention  has  been  concentrated 
too  narijwly  upon  the  bony  capsule  of  the  labyrinth, 
to  the  exclusion  of  other  parts  of  the  organ  of  hearing. 
In  the  future  when  an  opportunity  arises  of  examining 
a  case  of  otosderosis  after  death,  the  investigator  should 
make  a  careful  examination  of  the  temporo-sphenoidal 
lobe  of  the  cerebral  cortex,  of  the  auditory  nuclei  in  the 
medulla,  and  of  the  nerves  and  glandular  structures  in 
the  middle  ear,  the  tympanic  membrani>  and  external 
auditory  meatus.     The  superior  cervical  gangUon  of  the 
sympathetic,  as  also  the  gan.^lia   of    the  pneumog;istric, 
the  glossopharyngeal,  the  facial  nerve,  and  the  fifth  nerve 
should  also  be  investigated.     In  this  way  it  may  be  found 
possible  to  explain  certain  well-recognised  clinical  facts, 
such  as  the  occurrence  of  tinnitus,  the  peculiarly  serious 
effect  which  memal  exhaustion  has  on  the  patient,  both 
in  ngard  to  the  tinnitus  and  the  deafness,  the  diminution 
in   sensitiveness   of    the   tympanic   membrane,    and   the 
diminished  secretion  of  wax.     None  of  thes(-  clinical  facts 
is  explained  by  the  changes  in  the  bony  and  membranous 

labyrinth. 

The  same  objection  applies  to  the  theory  recently  put 
forward,  that  otosclerosis  is  due  to  activity  in  the  >slands 
of  cartilage  in  the  bony  wall  of  the  labyrinth,  res.ilting 
in  the  deposit  of  new  bone.  It  may  be  true,  of  course, 
that  these  islands  of  cartilage  become  active"  when  oto- 
sclerosis occurs,  an<!,  indeed,  such  a  condition  is  refern-d 
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to  in  Case  II.  But  this  is  only  one  of  the  manifestations 
of  the  disease,  and  not  the  essential  causative  factor. 
Any  satisfactory  theory  of  otosclerosis  must  explain  the 
occurrence  of  both  the  clinical  and  pathological  pheno- 
mena of  the  disease,  and  all  those  theories  which  attribute 
these  phenomena  to  anatomical  changes  limited  to  the 
bony  wall  of  the  labyrinth  fail  in  this  respect. 

In  viewing  the  subject  of  otosclerosis  in  this  way,  it  is 
now  possible  to  understand  the  occurrence  of  the  pecuUar 
signs  and  symptoms  of  the  disease,  and  why  these  vary  in 
different  cases. 

First.— The  inheritance  of  the  condition.  This  has 
been  investigated  in  detail  in  the  section  under  that 
heading,  and  need  not  be  discussed  further  at  present. 
The  fact  that  otosclerosis  frequently  occurs  without 
evidence  of  inheritance  has  aho  been  explained  in  the 
section  mentioned. 

Second.— The  absence  of  any  signs  of  inflammatory 
activity.  Otosclerosis  is  a  degenerative  process,  and 
therefore  may  occur  without  any  sign  of  inflammation. 

Third.-  -The  diminished  secretion  of  wax,  so  charac- 
teristic of  the  disease,  is  due  to  the  fact  that  the  organ  of 
hearing,  being  an  evolutionary  unit,  is  failing  more  or 
less  in  all  its  parts. 

Fourth.— The  loss  of  sensitiveness  of  the  meatus  and 
tympanic  membrane  is  explained  on  the  same  grounds  as 
the  last ;  and  if  opportunity  offered  it  would  probably 
be  found  that  the  mucous  membrane  of  the  tympanum 
participates  in  this  loss  of  sensitiveness. 

Fifth. -According  to  some  writers,  one  of  the  symptoms 
of  otosclerosis  is  an  abnormal  patency  of  the  Eustachian 
tubes.  It  is  difficult  to  prove  that  the  Eustachian  tube 
is  wider  in  the  subjects  of  otosclerosis  than  in  normal 
individuals,  because,  as  Eraser  aptly  remarks,  cathetcrisa- 
tiun  of  normal  individuals  must  be  a  rare  occurrence,  to 
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say  the  least ,  and  we  have,  therefore,  no  accurate  standard 
by  which  to  juage.  Nevertheless,  on  the  present  writer's 
theory  of  otosclerosis,  undue  patency  of  the  tubes  nught 
almost  be  expected,  because  of  the  diminished  blood 
supply  which  is  associated  with  atrophic  and  degenera- 
tive processes. 

In  accordance  with  this  view,  the  involvement  of  the 
nerve  structures  in  the  cochlea,  which  is  frequently 
present  in  many  cases  of  otosclerosis,  is  not  to  be  looked 
upon  as  a  result  of  changes  in  the  bone,  but  as  a  part  of 
the  degenerative  change  in  the  organ  of  hearing  as  a 
whole.  It  probably  begins  in  otosclerosis  long  before  we 
are  able  to  demonstrate  it  by  m.icroscopical  methods,  and 
may  perhaps  account  for  the  tinnitus  which  is  so  common 
a  feature  of  the  disease.  But  this  sympto-n  miglit  also 
be  accountrd  for  by  changes  in  the  cerebral  cortex. 

This  theory  accounts  for  the  absence  of  pathological 
and  rhnical  disturbances  in  the  vestibule  and  semicircular 
canai^..  It  is  a  degenerative  process  in  the  organ  of 
hearing,  not  in  the  organs  of  equilibration. 

From  the  foregoing  pages  we  may  gather  indications 
for  the  treatment  of  otosclerosis,  but  the  details  of  treat- 
ment are  discussed  in  the  appropriate  section.  At  present 
ti.o  following  points  may  be  emphasised  : 

1.  By  no  process  can  we  change  the  innate  tendencies 
of  the  cells  and  structures  of  the  organ  of  hearing.  They 
arc  char  ccristics  of  the  individual  which  he  must  carry 
with  him  through  life. 

2.  Since  toxic  and  other  constitutional  conditions,  as 
probably  also  local  ones,  tend  to  render  these  potentiali- 
ties active,  we  can,  within  limits,  use  means  to  keep  them 
latent,  or  restore  them  to  a  latent  condition-if  they 
have  become  active. 

3.  There  is  no  constant  single  constitutional  or  local 
exciting  cause  in  utut,clorosis,  but  various  local  nr  c-n.sli- 


wmmW^^:f^^}tym^^m:\  m^^ 


*1  T- '1 


t.-i:;   r 


i, 


II 'i 


:!• 


1    ! 


i6o 


OTOSCLEROSIS 


tutional  factors  may  be  the  exciting  cause  in  different 
cases.  Hence  the  search  for  a  specific  hne  of  treatment 
is  in  vain.     Each  case  must  be  iieated  individually. 

In  conclusion,  a  few  words  maybe  said  in  regard  to  the 
nomenclature  of  the  disease.  "  Otosclerosis  "  is  quite 
a  harmless  name  if  we  are  careful  not  to  attach  any 
significance  to  its  derivation ;  and  no  one  is  hkely  to  be 
led  far  astray  by  a  definition  so  obviously  remote  from 
anatomical  or  pathological  precision.  Like  the  terms 
"  cancer  "  and  "  syphilis,"  it  has  the  great  advantage  of 
not  pretending  to  indicate  a  knowledge  of  the  disease 
which  we  do  not  really  possess. 

On  the  other  hand,  all  names  which  include  the  term 
"  ostitis  "  are  undesirable,  because  in  the  first  place  they 
suggest  the  i.iea  that  the  pathological  change  is  limited 
to  the  bone,  tiiicl  in  the  second  place  they  indicate  inflam- 
matory activity.  Both  of  these  conceptions  are  incorrect. 
1  he  term  "  osteoporosis  '  is  open  to  ore  of  the  above 
objections,  but  it  is  good  in  so  far  as  it  does  not 
suggest  the  presence  of  inflammation.  The  name  "  Pro- 
gressive Deafness  "  is  too  vague,  and,  moreover,  might 
include  cases  of  double  suppurative  middle  ear  disease, 
as  well  as  other  conditions  certainly  not  meant  to  be 
included. 

A  namo  whicli  the  v.ritrr  ventures  to  suggest  as  being 
more  satisfactory  tlian  Otosclerosis  is,  "  Idiopatiiic 
Degenerative  Deafness."  The  term  "  idiopathic  "  is 
used  in  the  sense  that  the  disease  is  liable  to  occur  in 
certain  individuals  and  can  occur  in  those  individuals 
only.  The  word  "degenerative"  indicates  that  the 
disease  is  of  the  nature  of  a  retrograde  process  and  not 
of  an  inflammatory  one.  Tlie  term  has  the  advantage 
of  not  assuming  tliat  the  disease  is  confined  intirely  to 
any  "ne  *-tr\i'  t!ire  (if  ti^Kue  of  the  organ  of  hearing. 
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Investigation  in  Respect  to  Some  of  the  Inorganic 
Constituents  of  the  Blood  in  Otosclerosis 

On  the  suggestion  of  Major  E.  B.  Waggett,  I  considered  it 
desirable  to  make  an  investigation  of  the  blood  in  cases  of  oto- 
sclerosis in  respect  to  the  occurrence  of  some  of  the  inorganic 
constituents,  so  that  a  comparison  with  normal  blood  might 
be  made. 

The  analysis  was  undertaken  by  Dr.  W.  Hunter  Duncan, 
Pathologist  and  Bio-chemist  to  the  Prince  of  Wales's  General 
Hospital,  and  the  results  of  his  im'estigation  arc  given  here. 

In  all,  seventy-one  specimens  of  blood  were  analysed,  and 
of  these  forty-four  were  of  normal  blood  and  twenty-seven 
were  of  the  blood  from  cases  of  otosclerosis. 

Normal  Blood. — One  hundred  parts  of  normal  blood-plasma 
yield : 


Total  solids  (ash) 

Chlorine 

Sulphur  trio-xide  (SO,) 

Calcium  (as  pho.sphate) 

Magnesium  (as  phosphate) 


o'8554% 

o-30.t4ro 
00115% 
00313% 

O-0225^:, 


otosclerosis. — In  otosclerosis,  the  amount  of  chlorine  was 
variable  in  the  twenty-seven  cases,  but  the  average  was 
0-3641%,  being  thus  ooooj'^o  below  thai  of  normal  blood. 

The  sulphur  trioxidc  (SO3)  in  the  cases  of  otosclerosis  showed 
a  maximum  of  o-oii4»o  and  a  minimum  of  o'oii2''o-  E^'^'" 
at  the  highest,  theref  w,  the  amount  is  o'oooi°u  below  the 
average  of  normal  blood. 

The  calcium  (as  phosphate)  content  in  otosclerosis  was 
found  to  average  o-ioo2')o  ;  this  being  an  increase  of  0-0689%. 
It  would  appear,  thei  ;fore,  that  in  otosclerosis  there  is  an 
increase  of  calcium  to  vhe  extent  of  fully  three  times  that  of 
normal  blood. 

The  magnesium  (as  phosphate)  content  in  the  blood  from 
the  casp^.  of  otosclerosis  was  0-030 1°(,,  showing  an  increase  of 
ooo76°/o.  That  is  an  increase  of  about  one-third  of  that  of 
normal  blood. 

In  regard  to  the  t)Ci:urrence  vi  sodium  and  potassium,  an 
attempt  was  made  to  ascertain  their  content  m  tiie  hloud. 
11 
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Thev  varied,  however,  within  such  wide  limits  that  no  satis- 
factory conclusions  could  be    drawn  from    the   percentages 

found  to  be  present.  ,.,    .  • 

As  result  of  this  analysis,  it  may  be  said  in  general  that  in 
so  far  as  the  figures  relating  to  the  sulphur  trioxide  and  the 
chlorine  are  concerned,  the  difference  between  normal  blood 
and  that  from  the  subjects  of  otosclerosis  is  so  small  that  it 
may  be  considered  negligible. 

In  the  case  of  the  calcium  and  magnesium  content,  however 
the  subject  requires  further  consideration.    The  presence  of 
calcium  in  the  form  of  phosphate  to  an  extent  three  times 
greater  than  in  normal  blood,  would  appear  to  mdicate  a  meta- 
boUc  change  in  the  body  of  some  kind  different  from  those  of 
healthy   individuals.     Unfortunately,   however,   we   still   re- 
main in  the  dark  as  to  what  the  nature  of  that  change  ma^  be. 
It   may  be  pointed  out,  in  order  to  prevent   any  miscon- 
ception   that  the  greatly  increased  calcium  and  magnesium 
content  in  the  blood  can  have  no  quantitative  relationship 
to  the  chang.>  in  the  bony  capsule  of  the  labyrinth  m  oto- 
sclerosis.    That  is  to  say,  the  absorption  of  lime  and  mag- 
nesium salts  which  takes  place  in  the  n-gion  of  the  diseased 
bone  in  the  capsule  of  the  labyrinth  is  far  too  small  to  account 
for  the  change  ui  the  chemical  constitution  of  the  bh)()d,  and 
indeed  is  probably  so  small  as  to  be  impossible  of  detection 
by  chemical  means.  .,         u 

There  may  conceivably,  however,  be  a  slight  cliange  through- 
out the  whole  skeletal  structures  of  the  body  in  otosclerosis, 
sufficient  to  produce  the  change  in  the  percentage  of  calcium 
and  maguesimn  elements  in  blood.  Hut  such  an  explanation 
is  very  ditlicult  of  acceptance,  because  clinical  experience  would 
surely  give  evidence  of  such  a  change. 

\t  present  however,  it  is  idle  to  speculate  further  upon  the 
signiftcance  of  the  increased  calcium  content  in  the  bl<,od 
shown  by  Dr.  Duncans  analysis.  The  results  of  the  analysis 
•ire  given  her.'  rather  as  a  record  for  corroboration  by  further 
investigation  an.l  as  an  indication  for  future  lines  of  research. 


CHAPTER    VI 

NOTES  ON  THE  TREATMENT  AND  PROGNOSIS  OF 
OTOSCLEROSIS 


In  the  following  {)agcs  some  methods  of  treatment, 
devised  both  by  other  aurists  and  by  myself,  are  con- 
sidered. 

One  of  the  methods  of  treatment  which  has  gained 
considerable  notoriety,  both  among  the  medical  and  lay 
public,  is  that  devised  by  Heath  ;  and  it  may,  therefore, 
be  worth  while  to  give  tlie  results  of  my  own  experiem  *■ 
with  it.  It  consists  essentially  of  the  application  of 
blistering  agents  to  the  tympanic  membrane.  The 
method  is  not  based,  so  far  as  the  present  patlK)logical 
investigations  show,  upon  any  definitely  known  facts  of 
the  morbid  anatomy  of  the  disease  ;  and  it  must  not  be 
judged  on  these  lines  at  all.  A  method  of  treatment  of  a 
diseased  condition  might  conceivably  be  quite  valuable, 
oven  though  it  may  not  be  based  on  known  pathological 
facts.  Judgment  must  in  such  cases  be  matle  only  as 
the  result  of  trial  of  the  method,  and  I  therefore  carried 
out  the  treatment  advocateil  by  Heath  in  a  number  of 
cases,  wliich  fuUillrd  the  clinical  conditions  wliich  h^ 
maintains  indicate  tin-  applicatit)n  of  the  Mutliod  he 
devised. 

Of  the  patients  selected  for  trial,  iily  twelve  ub- 
mittod  themselves  to  the  treatment  for  two  months,  and 
these  are  taken  as  the  basis  upon  wliit  h  judgnuiit  as 
to    the   value   of  the    treatment    is  to   be   ni.ule.      The 
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remainder,  either  on  account  of  the  disagreeable  nature 
of  the  treatment,  or  from  lack  of  faith  in  it,  or  from  some 
other  cause,  gave  up  attendance  before  the  two  months 
were  complete.  Of  the  twelve  cases  which  were  treated 
for  two  months,  none  were  treated  for  more  than  three. 

Before    treatment    was    begun,    measurements    were 
taken  of  the  patients'  hearing  power,  with  the  wa  ch 
the  whispered  voice,   the  c-versation  voice,   the  high 
notes  and  low  notes.     The  condition  of  the  bone  conduc- 
tion was  also  noted.     Measuiements  were  again  taken  at 
intervals  during  treatment,  and  also  after  treatment  at 
periods  varying  from  a  fortnight  to  six  or  eight  months. 
There  is  no  need  to  give  details  of  each  case,  for  the 
ultimate  result  was  that  in  not  a  single  case  was  there 
any  improvement  in  the  hearing  ^'t  any  time.     It  is  ot 
grc.it  importance,  however,  to  observe  one  fact  in  relation 
lo  several  of  these  cases,  because  it  explains  why  this 
method  of  treatment  has  had  a  vogue  among  the  lay 
public.     This  fact  is,  that  after  the  discharge  and  reac- 
tion which  result  fron.  the  blistering  cease,  as  they  do 
after  the  treatn^ent  is  stopped,  a  number  of  patients  are 
convinced  that  they  hear  better  as  a  result  of  the  treat- 
ment      When   the   hearing   tests  are   applied,   however, 
it  is  found  that    there   is  no  actual  improvement,   the 
hearing  being  the  same  in  every  respect  as  before.     Uio 
explanation  of  these  apparently  inconsistent  observations 
was,  however,  not  dillicult  to  ascertain.    As  stated  above, 
measurements  were  t.ken  of  the  hearing  power  before, 
dunng,    and  after   treatment.     On   investigation   of   the 
figures  it  was  found  that  the  hearing  power  began     o 
diminish  as  soon  as  the  iutlannnatory  reaction  to  the 
blistering  process  set    in,  and   this  reaction  was  main- 
tainecl  during  the  whole  treatment,  the  h.anng  povver 
being  kept  at  a  low  level  for  the  period  of  the  two  month^^ 
At  the  end  of  this  tune  the  puticul  has  fiirbulten  w!mt 
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his  hearing  was  like  before  treatment,  and  consequently 
when  reaction  subsides  and  the  hearing  improves  up  to 
its  former  condition,  he  is  sometimes  convinced  that  his 
hearing  has  improved.  But  on  applying  the  tests  th  ■ 
illusion  is  dispelled. 

Before  dismissing  this  subject,  it  must  in  fairness  be 
said  that  the  hearing  is  very  rarely  adversely  affected  by 
this  treatment.  It  almost  always  returns  to  exactly 
the  same  condition  as  before  treatment.  Jn  one  case, 
however,   that  hospital   nurse,   the  n^sult  was  un- 

fortunate.     Tn  ise    perforation    occurred    in    the 

membrane  as  a  re  nit  of  the  treatment,  and  since  then  she 
suffers  from  periodic  short  attacks  of  otorrhea,  and  this 
still  goes  on,  although  it  is  a  year  and  a  half  since  the 
treatment  was  given  up.  The  hearing  in  the  ear  which 
was  treated  has  been  distinctly  worse,  and  the  tinnitus 
is  certainly  no  better. 

Tn  another  case,  not  of  my  own,  but  of  which  I  heard 
indirectly,  the  result  was  still  more  serious.  Acute 
middle  ear  inflammation  occurred,  followed  by  mastoid- 
itis, which  required  operation.  The  method  of  treatment 
is,  therefore,  not  free  from  danger. 

Of  the  various  methods  of  treatnuiit  by  'le  so-called 
re-education  of  hearing,  it  is  .inly  necessary  to  refer  to 
one  of  the  better-known  (mes,  the  Zund-Btng  1  't  method. 
This  is  only  a  modilication  of  th<'  piiiiciil  originally 
suggest. h1  by  Urbantschit-ch.  I  iiave  not  ben  able  to 
carry  out  tin-  methoi.  'lysilf,  but  three  of  u.\  patients 
who  had  had  their  iieaiing  tested  previously,  undi'rwiMit 
a  course  of  tri'atment  by  the  Zund-Burguet  method. 
After  th  treatment,  no  improvement  oc(  urred  ,  1  (wo  of 
(he  ( .ises,  and  in  tiie  third,  (lie  iieariiig  dist.mee  for  the 
wa(ch  had  risen  lom  d  ins.  to  7  ins.,  a  degree  of  im|)^o^  i-- 
ment  which  may  be  (onsiilered  negligible,  esiMeiall\-  as 
tiic  patient  was  unaware  of  any  difference  in  tiio  hearing 
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and  the  improvement  soon  disappeared.  Tinnitus  was 
present  in  two  of  the  cases,  and  in  these  no  benefit 
occurred  hs  a  result  of  the  treatment.  Thus  there  is  no 
ground  ^  .  the  behef  that  this  recent  apphcation  of 
the  punciple  of  re-education  of  the  hearing  offers  any 
advantage  over  the  others  wliich  preceded  it. 

The  psychology  of  individuals  who  suffer  from  dulncss 
of    hearing   is   an   interesting    study;    and    the    vogue 
amont;    the    public,    which    these    methods    have    had, 
illustrates  the   fact  when   large   number,  of  individuals 
are  taken.   The  great  majority  of  people  can  be  persuaded, 
and  usually  very  easily  persuaded,  that  they  hear  better 
as  the  result  of  treatment  of  any  kind  directed  to  the  ear. 
Only   to  the  minority,   possessed  of  critical  judgment, 
does  it  occur  to  try  by  simple  but  genuine  tests  whether 
their  hearing  has  improved  or  not.     It  is  in  consequence 
of  this  that  practically  any  m<'tlu)d  of  treatment  can,  for 
a  time,  acquire  popularity  if  it  be  sulViciently  advertised 
and  talked  about.     This  fact  ha?  been  brought  forcibly 
home  to  me  in  the  cou.se  of  the  present  investigation 
in  regard  to  the  folUnving  method  devised  by  myself. 

At  the  outset  of  the  investigation,  and  before  I  had 
nached  the  conception  of  otosclerosis  which  I  now  hold, 
it  occurred  to  me  that,  although  sudden  and  practically 
instantaneous  att.  nipts  to  mobilise  the  ossicles  as.   for 
example,  by  the  catheter  or  inflation,  had  failed    other 
nuthod.  mi'^ht  be  succissful.    Very  slight  pressure  -  rought 
to  bear  upon  the  chain  of  the  ossicles  over  a  considerable 
period  of    time  might   effect    what   a  sudden  jerk  was 
unabli-   to  do.     1   therefore   made  use  of    the  expansile 
qualiti.s    nf    ...11  pressed    cotton-wool    in    th<-    f<.llowmg 
niMuner.     Little  p<llets  of    cotton  wool  were  comi.ressed 
tightly  and  tli.n  inserted,  on.'  by  one,  into  the  meatus, 
care  being  taken  tiiat  th   innermost  were  in  actual  contact 
with  tiie  mnubraue.    When  the  meatus  wa>-  almoHt  full 
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of  these,  an  india-rubber  cork  was  inserted  tightly  intu 
it  so  that,  as  the  cotton-wool  expanded,  the  tympanic 
membrane  along  with  the  chain  of  ossicles  would  very 
gradually  be  pressed  inwards.     The  cork  was  kept  in 
for  a  period  of  from  one  to  three  or  four  hours,  and  was 
then  removed  along  with  the  cotton-wool.    This  procedure 
was  undertaken  twice  weekly  for  two  or  tlu-ee  weeks. 
It  was  employed  in  six  cases.     The  results  of  the  treat- 
ment, as  gathered  from  the  patients'  statements  on  the 
one  hand  and  from  actual  testing  on  the  other,  were  very 
interestiUj^,.     Of  the  six  patients,   lOur  stated  that   the 
hearing  was  distinctly  better,  and  these  statements  were 
made  voluntarily,  without  any  attempt  at  suggestion. 
The  remaining  two  patients  said  there  was  no  iinprovc- 
nent.     When,  however,  examination  of  the  hearing  was 
made,  it  was  found  that  no  change  liad  taken  place  in 
any  of  them.    In  respect  to  the  tinnitus  there  is,  of  course, 
no  objective  test,  but  of  tlie  six  patients,  tiireo  suffered 
from  fairly  severe  tinnitus,  and  of  these  three  two  were 
of  opinion  that  it  was  unchanged  as  a  result  of  the  treat- 
ment, while  the  third  was  very  emp'.iatic  in  maintaining 
that  it  had  improved  very  much. 

This  is,  therefore,  another  good  example  of  the  dilTi- 
culty  of  judging  from  patients'  ^tatenu>nts  of  the  improve- 
ment in  tile  hearing  as  a  resrlt  of  treatnnnt.  Otologists 
are  right  in  dimanding  that  no  rehancc  can  be  pKu  ed  on 
any  claims  as  I  o  improvement  in  the  hearing  as  the  result 
of  treatment  bv  this  or  that  method  unless  dciinitc 
measurements  '.n  be  given.  Indeed,  it  would  be  better 
in  such  an  important  matter  as  this,  that  any  aurist  who 
wishes  to  establish  a  claim  as  to  a  new  method,  should 
first  submit  the  patients  lo  inspection  by  unprejudiceu 
minds,  and  tlu-n.  after  treatment,  again  have  tliein 
examined  by  tiiose  who  liad  made  the  preliminary  inspec- 
tion.    Unfortunately,  aurists  have  to  suffer  opprobrium 
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on  account  of  the  no  doubt  well-meant,  but  mistaken 
enthusiasm  of  a  few  who  imagine  they  have  discovered 
an  improved  method  of  treatment.  In  anv  case  otologists 
should  be  very  critical  in  their  attitude  towards  such 
claims,  as  they  have  caused  much  dir-uppointment  and 
suffering  to  the  victims  of  otosclerosis,  by  inspiring  them 
with  hopes  which  have  not  been  realised. 

General  Considerations 

If  the  reader  has  considered  tlic  portion  of  this  mono- 
graph which  deals  with  the  pathogenesis  of  otosclerosis, 
and  also  the  chapter  dealing  with  the  hereditary  tendency 
and  environment,  he  will  readily  understand  why  very 
great  importance  is  attached  by  the  writer  to  the  con- 
sideration of  the  general  condition  of  the  patient.  This 
is  really  the  basis  on  which  not  only  treatment,  but  also, 
to  a  great  extent,  jjrognosis  will  depend. 

In  the  portion  d(>aling  witli  inherited  tendency  1  have 
attempted  to  view,  witli  such  critical  judgment  as  I 
possess,  the  extent  to  which  the  onset  of  otosclerosis  is 
determined  by  inherited  tendency  or  potentiality  on  the 
one  hand,  ami  by  environment  on  the  other.  I  have 
shown  further,  that  no  sharp  lino  can  be  drawn  in  the 
way  of  separating  out  one  group  from  the  other,  or  referring 
to  one  set  of  cases  as  being  due  U>  inheritance,  and  another 

not. 

With  n'gard  to  otosclerosis,  as  probably  also  with 
regard  to  many  other  pathological  conditions,  the  iiuman 
race  may  be  lookeil  upon  as  a  serii-s  in  a  scal(>.  At  one 
end  of  the  scale  are  found  the  individuals  in  wli-.m  tlu- 
potentiality  for  developing  otosclerosis  i.,  so  v.tv  in-^igni- 
licant  tliat  it  may  be  considered  negligible;  and  no 
environment,  whetiier  acting  locally  or  constitutionally, 
can  stimulate  it  into  activity  and  produce  utuscierosis. 
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At  the  other  end  of  the  scale  are  those  in  whom  the 
potentiality  is  exceedingly  strong  :  so  much  so  that 
in  them  practically  no  special  stimulus  or  unfavourable 
environment  is  necessary  to  call  otosclerosis  into  exist- 
ence. In  the  latter  the  ordinary  physiological  processes 
in  the  body  are  sufficient  for  the  purpose,  transforming 
what  is  only  a  potentiality  into  an  actuality. 

It  has  further  been  shown  that  there  is  no  single 
exciting  cause  of  otosclerosis.  In  other  words,  from  a 
given  individual  or  personal  potentiality,  one  or  more  of 
many  exciting  causes  may  call  otosclerosis  into  existence 
in  such  an  individual.  Indeed,  in  the  same  individual 
the  exciting  cause  of  otosclerosis  in  one  ear  may  be 
different  from  that  which  produces  it  in  the  other  ear. 
An  example  of  this  is  related  in  Case  Bi,'  p.  .M,  in  which 
acute  middle  ear  inflammation  caused  otosclerosis  in  one 
ear,  while  some  other  cause  not  definitely  proved,  but 
certainly  not  acute  middle  ear  inflammation  or  any  other 
middle  ear  trouble,  caused  the  disease  in  the  other  ear 
fifteen  years  later. 

It  is  also  of  great  interest  to  observe  that  in  cases  in 
which  there  is  a  strong  inherited  tendency  to  otosclerosis, 
the  exciting  factor  may  be  quite  different  in  different  mem- 
bers of  the  family.  This  is  shown  in  Case,  C.^C;,'  pp.  25,27, 
and  it  is  of  further  interest  to  note  that  it  explains  why, 
even  where  the  inherited  tendency  is  clearly  present,  yet 
the  n  ults  of  treatment  arc  very  different.  One  brother 
or  sister  of  the  family  may  react  well  to  a  given  line  of 
treatment,  while  another  may  not  respond  at  all  to  that 
or  any  other  treatment.  The  signilieanee  of  these  re- 
marks, then,  is  obvious.  Tlure  can  be  no  routine  treat- 
ment for  otosclerosis,  and  the  hope  for  any  such  is 
chimeiical.  livery  case  nuist  be  a  study  in  itsi'lf,  and  if 
properly  pursued  the  study  is  fascinating  to  the  last 
'  »cc  cliin>tcr  on  lli-rciiity.  =  ovt:  ihaiilui  oil  llcrcdit),-. 
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degree.  It  must  almost  always  be  difficult,  and  the 
result  of  treatment,  so  far  as  improvement  goes,  is  gener- 
ally unsatisfactory;  nevertheless  if  the  study  of  each 
case  is  carried  out  thoughtfully  and  with  tenacity,  it  is 
remarkable  how  often  the  course  of  the  disease  may  be 
influenced  in  so  far  as  preventing  further  progress  is  con- 
cerned ;  and  in  some  cases  even  * .  .asidcrablc  improvement 
may  be  brought  about.  Further,  if  each  case  is  taken 
individually  tli'  physician  may  be  able  to  say  when  there 
is  reasonable  iiope  for  improvement  or  arrest  of  the 
disease,  and  when  tliere  is  not. 

The  general  considerations  which  the  writer  wishes  to 
emphasise  arc  Severn'  The  first  of  these  is  to  take  a 
rational  and  philosopi.  1  view  of  the  disease,  based  upon 
a  knowledge  of  pathological  processes  in  general  and  of 
otosclerosis  in  particular,  and  upon  the  family  and  personal 
history  and  clinical  symptoms.  These  must  be  made 
the  subject  of  indi\idual  consideration. 

The  next  point  of  importance  is  that  the  physician  must 
disabuse  his  mind,  on  the  one  hand,  of  the  idea  that  he 
has  Httle  or  no  control  over  the  disease,  and  on  the  other 
hand  of  the  expectation  of  achieving  very  striking  results 
from  the  patient's  point  of  view.     The  first  involves  un- 
necessary pessimism  ;  and  thuM  who  maintain  the  second 
are  too  uncritical  and  too  enthusiastic.     It  is  true,  indeed, 
that  in  some  cases  quite  notict  able  improvement  occurs 
in   otosclerosis  if   the   line   of   treatment   suited   to   the 
particular  case  is  faithfully  carried  out,  but  in  the  majority 
the  improvement,  if  any,  will  be  slight.     On  the  other 
hand,  the  pessimist  who  looks  ii)H)n  all  cases  of  otosclerosis 
as  altourther  outsidi'  his  control  may  do  great  injury  to 
his  patiints  owing  to  his  incorrect ,  though  honestly  held 

opinion. 

SjH'akinc  in  {renoral  terms   the  trtith  is  approximately 
as  follows  :    Some  cases  will  steadily  become  worse  in 
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spite  of  all  or  any  treatment.  In  a  large  number,  especi- 
ally if  seen  in  the  very  early  stages,  the  course  of  the 
disease  may  be  arrested  or  its  advance  may  be  greatly 
retarded.  In  a  few  some  degree  of  improvement  may  be 
obtained,  and  in  a  very  few  the  improvement  may  be  con- 
siderable. In  no  case  that  I  have  ever  seen  was  the 
hearing  restored  to  the  nornml. 

To  repeat,  there  is  no  routine  treatment  for  otosclerosis. 
The  conditions  of  its  occurrence  are  far  too  varied  and  far 
too  subtle  for  any  rule-of  thumb  consideration.  Every 
aurist,  however  skilful  and  patient,  will  certainly  have 
many  failures  to  record  ;  but,  taken  over  large  numbers, 
he  will  be  most  successful  who  possesses  the  requisite 
patience   chnical  h.  ight,  imagination,  and  judgment. 

It  is  impossible  to  give  a  list  of  all  the  bodily  conditions 
which  may  be  the  exciting  cause  of  otosclerosis,  and 
therefrom  form  the  basis  of  treatment.  But  in  the  follow- 
ing pages  indications  of  som."  of  these  will  be  shown  with 
cases  to  illustrate  them.  Before  doing  this,  however,  it  is 
desirable  that  some  words  should  be  said  in  regard  to 
prognosis,  -nd  I  will  attempt  not  only  to  indicate  the 
facts  which  should  guide  us  in  respect  to  prognosis,  as 
has  been  frequently  done  before  by  others,  but  also, 
guided  by  a  knowledge  of  the  pathogenesis  of  the  disease, 
to  show  wliy  these  fads  affect  tlie  prognosis.  In  this  way 
the  study  of  the  disease  is  rendered  more  interesting  and 
it  becomes  rational  rather  than  empiric. 

Age  ol  Onset. — It  is  well  known  to  every  avuist  that 
prognosis  is  guided  to  a  certain  extent  by  the  age  of  onset 
in  a  given  case.  Especially  is  this  true  when  the  age 
of  onset  is  very  early.  Tlius,  although  otosclerosis  is 
liuv  unticr  llu-  rge  of  thirteen  or  foiutcen,  yet,  when  it 
does  make  its  appearance  thin,  the  outlook  is  extremely 
j^rave.  I  have  never  seen  such  a  case  appreciably  helped 
by  treatment ;    and  I  veuluie  tu  iiiink  that  this  is  the 
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experience  of  most  aurists  who  are  careful  not  to  mistake 
Eustachian  catarrh  or  middle  ear  catarrh  for  otosclerosis. 

Now,  if  otosclerosis  were  an  inflammatory  condition, 
exactly  the  reverse  of  this  would  be  expected.  The 
recuperative  powers  ure  much  greater  in  the  young, 
and  it  would  be  e.  .'ted  that  this  would  enable  the 
sufferer  to  overcome  ^nc  condition  if  put  under  proper 
environment,  if  it  were  the  case  that  the  disease  were 
inflammatory  in  character. 

It  is  of  interest,  in  passing,  to  note  that  otosclerosis 
is  not  the  only  disease  in  which  this  peculiarity  in 
regard  to  prognosis  holds  true.  The  same  is  found  to 
-J  the  case  in  malignant  disease,  in  arterio-sclerosis,  and 

in  diabetes. 

Heredity.~\Vhen  otosclerosis  makes  its  appearance  in  an 
individual  in  whose  family  there  is  an  obvious  hereditary 
tendency  to  the  disease,  the  progncsis  is  on  the  whole 
rather  unfavourable.     This  fact  is  well  known  to  aurists. 
The  explanation  appears  to  me  to  be  that  the  factor  which 
is,  for  the  most  part,  responsible  is  in  general  more  likely  to 
be  innate  in  the  cells  of  such  an  individual  than  in  those 
who  come  of  a  normal  family.     In  these  cases,  then  fore, 
other  unfavourable  constitutional  conditions  or  environ- 
ment play  a  smaller  part  in  the  case.     One  would  expect 
that  such  cases  would,  in  general,  respond  less  readily  to 
treatment  than  those  in  which  the  disease  arises  for  the 
most  part  as  a  result  of  some  factor  which  can  be  definitely 
removed,  and  in  which  the  innate  tendency  in  the  patient 
is  not  so  pronounced. 

Tinnitus.— Tlie  presence  of  tinnitus  in  a  pronounced 
de'Mce  is  well  known  to  indicate  a  condition  rather  likely 
to'^prngress  rapidly.  'Ihe  reason  for  this  is  somewhat 
obscure,  and  the  following  suggestion  is  only  tentative. 
It  has  been  shown  th.it  otosclerosis  i«  not  a  condition 
affecting  only  one  portion  of  the  organ  of  hearing.     It  is 
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a  degener.  tive  process   in  which  the  nerve  structures, 
walls  of  the  labyrinth,  and  even  the  secretory  apparatus 
of  the  external  meatus,  as  well  as  the  sensory  nerves 
supplying  the  tympanic  membrane,  may  all  be  involved. 
It  has  also  been  shown  in  the  section  on  pathogenesis 
why  this  should  be  so.     It  may  be  true,   as  Manasse 
maintains,  that  the  nerve  apparatus  of  the  cochlea  and 
auditory  nerve  are  really  the  primary  structures  to  depart 
from  the  normal,  and  that  changes  m  the  bone  and  other 
structures  are  secondary  ;  but  this,  it  must  be  noted,  does 
not  mean  that  the  secondary  changes  in  the  bone,  if  such 
tiiey  be,  must  be  in  exact  proportion  to  the  extent  of  the 
disease    process    in    the    nervous    mechanism.     A    com- 
paratively slight  departure  from  the  normal  in  the  sound- 
perceiving  apparatus  may,  by  its  effect  on  the  correlated 
vasomotor  nerves  which  regulate    the  blood-supply   to 
the  bone  and  other  structures  of  the  sound-transmitting 
apparatus,  bring  about  very  considerable  changes  in  the 
latter.     Now,  w Inn  viewed  from  this  aspect,  it  is  not  very 
dilficult  to  see  why  the  cases  in  which  severe  tinnitus  is 
present  are  those  which  offer  less  hope  of  relief  or  arrest 
of  progress.     Thc>'  are  the  cases  in  which  the  nerve  struc- 
tures are  particularly  invoUvd,  and,  as  is  usually  the  case 
when  disease  of  nerve  structures  are  concern-jd,  there  is 
comparatively  Uttle  hope  of  improvement.      There  are, 
however,  a  few  exceptions  to  this  rule,  and  amongst  them 
the  most  noticeable  an  those  in  which  the  ear  affection 
arises  in  women  during  a  time  of  chlorosis,     Such  caaes 
are  often  amongst  I  he  most  satisfactory  to  treat,  in  spite 
of  the  fact  that  in  many,  tinnitus  is  a  fairly  marked 
symptom.     The  reason,  of  course,  why  the  treatment  is 
so  comparatively  satisfactory  in  these  cases  is  that  the 
chlorosis  which  is  the  exciting  cause  can  be  definitely 
and  certainly  removec',  with  the  consequence  that  the 
aural   malady   ceases   to    progress   and    frequently    im- 
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pro\-os  considerabl\-.  Further,  in  these  cases  which  im- 
prove, there  is  a  fair  probabihty  that  thf^  bony  change 
in  the' capsule  of  the  labyrinth  has  not  progressed  very  far 
and  the  stapes  may  not  be  ankyloscd.  IndetJ,  in  the 
cases  occurring  during  chlorosis,  there  is  some  hope  of 
improvement  even  when  an  hereditary  tendency  towards 
the  disease  is  present  in  the  family. 

Paracusis— It  is  a  remarkable  fact  that  aurists  hold 
very  different  views  as  to  the  significance  of  paracusis 
from  the  point  of  view  of  prognosis.  The  majority 
consider  its  presence  a  sinister  omen,  but  Yearsle\'  and 
some  others  are  of  the  converse  opinion,  and  \iew  the 
condition  as  one  indicating  a  comparatively  satisfactory 
result  if  treatment  be  carried  out.  My  own  experience 
in  the  matter  is  that,  whil'^  paracusis  is  of  oininou-  signi- 
ficance so  far  as  improvement  by  treatment  is  concerned, 
it  is  good  to  this  extent,  that  such  cases  tend  to  progress 
rather  slowly,  and  may  even  be  arrested  if  treatment  can 
be  satisfactorily  carried  out.  This  -i.tement  is  particu- 
larly true  if  paracusis  is  present  without  tinnitus. 

Climate.— In  speaking  of  chmate  in  regard  to  its  effect 
upon  otosclerosis,  it  must  be  understood  that  the  disease  is 
considered  in  its  pure  form,  unassociated  with  coincident 
naso-pharyngeal.  Eustachian,  or  middle  ear  catarrh.  When 
these  are  present,  of  course,  a  moist  chmate  is  notoriously 
bad.  But  in  cases  of  otosclerosis  uncompHcated  in  the 
manner  indicated,  I  have  never  seen  any  reason  to 
suspect  that  moisture  in  the  air,  per  sc,  ha^  a  deleterious 

effect. 

Severe  cold  is  particularly  bad  for  otosclerosis,  and  this 
applie..  to  a  cold  dry  climate  as  much  as  to  a  cold  moit-t 

one. 

Diet.— There  is  very  good  reason  to  suppose  that  the 
course  of  otosclerosis  can  be  aftected,  to  a  certain  extent, 
by  diet.     This  statement  is  based  upon  the  principle  of 
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the  pathogenesis  of  the  disease  described  under  that 
section,  and  upon  experience.  On  the  supposition  that 
the  pathogenesis  <r  le  disease  is  as  indicated,  then  it 
may  well  be  understood  that  a  diet  which  pernuls  of 
considerable  toxin  formation  and  absorption  during  the 
process  of  digestion,  will,  on  the  whole,  have  a  bad  effect. 
A  diet  Consisting  largely  of  meat  should,  therefore,  be 
avoided ;  and  it  is  advisable  to  restrict  the  amount  of 
animal  food  to  the  minimum  that  is  compatible  with 
perfect  health.  In  otosclerosis  the  man  who,  as  the 
phrase  goes,  "  does  himself  well,"  most  emphatically  does 
himself  ill. 

Alcohol  and  tobacco,  as  is  well  knowi  .o  all  aurists, 
have  a  bad  effect  upon  the  disease,  as  also  have  strong 
coffee  and  tea,  though  perhaps  in  a  lesser  degree  than  the 
two  former.  Other  conditions  governing  the  prognosis 
are  too  well  known  to  require  more  than  enumeration. 
Such  are,  exhaustion,  want  of  sleep,  foul  air,  and  excess 
of  any  kind. 

There  is  one  factor,  however,  that  I  have  observed, 
but  have  not  seen  referred  to  elsewhere — injury,  especially 
injury  to  the  head.  A  case  illustrating  this  is  referred  to 
on  p.  42,'  in  which  the  injury  was  probably  the  im- 
mediate exciting  cause  of  the  otosclerosis,  and  I  have 
n^et  with  several  cases  in  which  injury  appeared  to  make 
the  deafness  and  tinnitus  very  rapidly  worse.  This  is 
not  difficult  to  understand  when  we  consider  the  shock 
to  the  nervous  system  which  such  injury  entails. 

Pregnancy. — The  effect  of  pregnancy  and  the  puer- 
perium  upon  the  course  of  otosclerosis  is  too  well  known 
to  require  emphasis.  In  fact,  in  the  writer's  experience, 
its  effect  has  been  rather  overestimated  ;  and  it  is  not 
very  um  on.mon  to  find  cases  of  otosclerosis  in  which  child- 
bearing  appears  to  have  had  no  very  detrimental  etfect 
'  Scechajitcr  on  Heredity. 
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nn  the  hearing  or  on  the  tinnitus.    Still,  the  fact  remains 
haf  chSearing  must  be  placed  among  the  cond.Uons 
inimical  to  those  who  suffer  from  the  disease. 

Z^The  effect  of  increasing  years  upon  otosc  erosis 

is  Prions  and  very  interesting.     The  water  has  already 

drawn  attention  to  a  fact  noticed  by  him  m  respect  to 

twriuer     In  all.  at  least  in  almost  all  cases,  no  matter 

vtethe      he  deafness  has  previously  progressed  rapidly 

n    he  sound-conducting  structures.     The  explanation  of 
this  fact  may.   perhaps,   sometimes    be  lound    in    the 
occurrence  ofanLil^^^^^^^  which  so  frequently  niani- 
fe^  tsel   at  this  period  of  life.     This  cxplanat.on.  how- 
vt  f^    in  many  cases,  for  I  have  found  the  rapid  increase 
o     h    d     nl  to  occur  in  individuals  who  had  no  sign 
narterio- sclerosis;   and.   moreover,   it  occurs   far  too 
: lifC;    t:  be  capable  of  such  an  explanation     A  more 
K.,hl..  r  mse  of  the  increasing  deafness  i^  to  be  louna 
Tthe     1  ng      which  take  place  in  the  nervous  system 
Lring  youth  and  early  middle  life  Uie  metabolic  change 
fn  the  neurone  are  on  the  whole  anabolic,  whereas  a  te 
Uia    pS  they  become  katabolic.   A.ertain  amount  of 
\     ^1  .V  V       if  the  term  may  be  allowed,  is  possible  in 
r:::urras:l:Ld  with  tL  sense  of  hoari^^ 
\^     i\r.t  half  of  life,  and  this  may  compensate  to  a  certain 

„  o"o,rU.ro,,s.    M.«  this  poriod.  huwovcr,  sue      om- 
^n°atio„  .l,s»ppours  and  the  h.armg  power  d„n,n,sh<s 

"■';:;  ^:::t:^M"",';ihr^.ho„«h.  that  this  e.p.a"a..o„ 
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is  inconsistent  with  the  fact  that  in  the  very  young,  under 
14,  the  deafness  of  otosclerosis  also  proceeds  very  rapidly, 
but  in  these  cases  the  rapid  progress  of  the  symptoms  is 
due  rather  to  the  changes  occurring  in  the  bony  capsule 
than  in  the  sound-pcrcciving  apparatus. 


General  Treatment 

If  the  reader  has  carefully  considered  the  section  on 
pathogenesis  and  etiology,  it  will  be  clear,  a.-,  previously 
emphasised,  that  there  is  no  routine  treatment  for  oto- 
sclerosis. It  is  for  want  of  recognition  of  this  fact  that 
the  prognosis  and  treatment  of  the  disease  have  in  thi'  ;  ast 
been  so  unsatisfactory.  Every  case  must  in  itsolf  be  a 
special  study  for  the  physician.  He  must  spare  no 
pains  to  ascertain,  and  estimate  accurately,  the  extent 
to  which  the  hereditary  element  is  present,  or  if  there  is 
no  evidence  of  such.  Any  departure  from  the  normal 
physiological  activities  of  the  body  nuist  be  detected, 
especially  in  the  alimentary,  circulatory,  and  nervous 
s^'stcms.  In  addition  to  these,  local  conditions  in  the 
nose,  naso-i)haryn.\,  and  Eustachian  tubes  must  be  studied 
Finally,  it  is  of  the  utmost  importance  to  search  for  any 
septic  focus  from  which  toxins  may  be  absorbed. 

It  is  only  after  the  pliysician  has  ascertained  the  facts 
in  ri'lation  to  these  circumstances  that  he  will  be  in  a 
position  to  give  an  oj)inion  as  to  wlietlier  treatment  will 
be  of  any  avail  at  all  in  a  given  case,  and  if  so,  what 
direction  the  treatment  sliould  take.  It  may  even  bo 
n(>cessary  to  make  several  examinations  l)efiin'  chciding 
upon  a  line  of  action. 

It   cannot   be   too   strongly  emphasist'd   tliat,   before 

framing  a  diagnosis  and   line  of  tnatment,   the  aurist 

should  ascertain  without   tl»e   possibility  of   error  wliat 

is  the  efhct  of  iiillation  throu^li  tiie  catheter.     However 

li 
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clearly  satisfied  he  may  be  on  other  grounds  that  the 
case  is  one  in  which  inflation  will  not  produce  benefiaal 
results   he  must  still  remember  that  neither  he  nor  any 
other  physician  is  infallible,  and  that  it  is  withm  the 
bounds  o'f  possibiUty  that  the  use  of  the  catheter  may 
prove  his  own  diagnosis  or  that  of  others  to  be  mcorrec  • 
Assuming  that  the  diagnosis  has  been  correctly  made 
the  physician  should,  a.:  previously  stated,  proceed  to 
discover  what  general  or  local  condition,  if  any  such  can 
be  found,  may.  with  a  fair  degree  of  probabihty.  be  recog- 
nised as  the  exciting  cause  of  the  disease.     He  must 
then  consider  whether  it  is  possible  to  remove  this  cause 
or  not  and  direct  his  advice  and  treatment  accordingly. 
Perhaps  the  best  means  of  bringing  home  the  value  of 
constitutional  treatment  and  also  of  demonstrating  the 
truth  of  the  fact  that  different  cases  require  different 
constitutional  treatment   is  by  the  record  of   cases.     1 
will   therefore,  give  the  following  few  abbreviated  reports 
from  my  case-book  to  illustrate  these  points. 

Cases  in  ivhich  Ana-mia  was  associated  uith 
Otosclerosis 
Mrs  C  .Tt.  30,  resident  in  Burmah,  consulted  me  on 
lulv  7th  '  iQi/.  She  noticed  three  years  ago  that  her 
hearing  was  becoming  affected.  A  few  months  later 
she  began  to  suffer  from  buzzing  in  the  ears,  which,  hough 
constantly  present,  was  of  moderate  seventy.  She  vvas 
somewhat  run  down  in  health,  but  this  was  not  ascribed 

to  ananiia. 

She  has  nine  brothers  and  sisters,  and  of  these.  tNV.. 
sisters  as  w.'ll  as  herself  are  deaf.  Hotli  these  sisters  have 
been  und-r  my  care,  and  both  are  subjects  of  otosclerosis. 
The  father  also  suffers  from  tlu-  affection. 

On  examination,  it  was  fo.md  that  the  membranes 
wv  ft  norma!  nn  btjth  sides. 
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Rinne  :  —  7,  right ;  —  9,  left. 
Watch  :    5  ins.,  right  ;    4  ins.,  left. 
Whisper:    2},  ft.,  right;    2  ft.,  left. 

On  careful  examination  in  regard  to  her  gen  -al  condi- 
tion, it  was  found  that  symptoms  of  anaemia,  such  as 
breathlessness,  etc.,  were  present,  but  not  in  a  very  marked 
degree. 

Inflation  with  the  catheter  produced  a  slight  but  very 
temporary  improvement. 

The  patient  was  put  upon  citrate  of  iron  and  ammonia 
internally,  and  locally  a  succession  of  small  blisters  were 
applied  over  the  mastoid  surface.  At  the  end  of  two  and 
a  half  months  the  patient's  healtii  was  much  improved. 
The  hearing  power  had  risen  considerably,  as  the  following 
'•^ures  show  : 

Watch  :    right,  i  ft. ;    left,  9  ins. 
Whisper:    right,  5  yds.;    left,  4 J  yds. 
Kinne  :    right,   -f  2  ;    left,  ±,  o. 

The  improvement  in  this  case  is  very  striking,  and  un- 
fortunately it  is  rare  that  such  good  results  can  be  obtained, 
especially  where  there  is  apparently  a  certain  degree  of 
inherited  tendency. 

It  is  interesting  also  to  note  that  the  symptoms  of 
anttmi'  were  not  really  very  marked.  Tins  state  of 
matters  ..^  however,  not  uncommon  That  is  to  say, 
where  there  is  n  iiuliviilual  tendency  to  otosclerosis,  the 
constitutional  change  required  to  transform  a  potentiality 
into  an  actuality  neeil  not  be  very  great. 

Another  case  in  whidi  aiiiemia  was  associated  with  and 
presumably  causative  of  otosclerosis  is  the  following  : 

Miss  S.  M.,  a't.  j-i,  consulted  nie  in  the  y«'ar  1902, 
having  become  gradually  dull  of  hearing  sinrr  tlie  ago 
of  Zi).      The  family  consisted  of  eight  members,  and  of 
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these  there  were  three  deaf,  all  of  whom  were  examined 
bv  mvsclf  and  found  to  be  subjects  of  otosclerosis. 

Th'-  patient  had  be.'n  getting  deaf  ratlu r  more  rapidly 
for  1  few  months  before  consulting  me.  Tinnitus  was 
!,o^  a  noticeable  feature  in  the  case.  Membranes  were 
nut  indrawn,  but  there  was  a  faint  rosy  tint  in  both. 

Watch  :    right,  i  in. ;  left,  i  in. 

Whisper  :    right,  i  ft.  +  ;    left,  i  ft 

Cenv.  voice,  right,  4.^  Y^l^-  •-    l^'^*'  3'i  Y^s- 
Rinn." .    right,   -  10  ;    left.  -  12. 

There  was  considerable   loss  of   hearing   for  the   lovv 
notes  in  both  ears,  and  for  the  high  notes  to  a  less  extent, 

and  also  in  both  ears.  ■     .^^ 

There  was  a  tende.  cy  to  cons^'pation  and  anemia  was 

present,  characterised  by  some  degree  of  breathlessness 

on  exertion  ;    the-  ananiia,  however,  was  not  very  pro- 

nounced.  ,    ,  ,  .1,.   .,,,,1 

Iron  was  administered  for  a  period  of  four  months,  and 
at  the  end  of  that  time  it  was  found  that  the  hearing 
power  had  risen,  the  watch  being  heard  at  a  chst^ice  o 
1|  ins.,  and  the  whisper  at  21  ft.  from  the  right  and  l\  ft 

from  tlie  left  ear.  ^ 

It  is  ^-    .resting  to  note  that  I  had  th.  opportunity  of 
examining  this  case  ten  years  later,  and  f-";'  ^'^^  J 
,.,s  in  . I,-  hearing  had  occurred  m  the  intesal,    and 
further,   that   the  .  eruuunous  gla.v  s  were  active,  whuh 
thev  bad  not  been  at  the     rst  exammation. 

rhe  uuprovement  in  this  case  was  distinct,  though  no 
so  marked  as  in  the  lormer  case  and  i  1  others  which 

have  observed.     It  i>  <  ilcd  rathe  to  show  how  very  1  ,.tm„ 
the  improvment  may  be.  if  the  treatment  is  correct. 
Uu!ust  not  l>e  supposed  tluitu.  all  cases  of  otosclerosis 

associated  with  au.c.uia  tr.atn.nl  wdl  bv  a<  .itisfactory 
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as  in  case  i ,  or  even  as  in  case  2.  The  following  is  a  case 
in  which  the  ear  affection  was  associated  with  an;emia, 
but   which  went  downhill  in  spite   of   the   cure  of   the 

anaemia. 

Mrs.  H.,  ait.  30,  complained  of  dulncss  of  hearing  in 
both  ears  and  noises  in  the  head.  She  had  suffered  from 
the  condition  for  more  than  six  years.  The  family  con- 
sisted of  eleven  members,  of  whom  three  were  dull  of 
hearing,  and  on  examination  all  of  these  proved  to  be 
subjects  of  otosclerosis.  The  father  was  dull  of  hearing 
at  middle  life,  and  on  the  mo.aer's  side  two  aunts  were 
deaf  and  had  noises  in  their  ears,  and  in  the  families  of 
each  of  these  aunts  there  was  at  least  one  naember  who 
suffered  from  deafness  and  tinnitus. 

The  patient  was  anicmic  to  a  marked  degree,  the 
breathlessness  on  exertion  being  very  i)ronounced,  and 
there  was  constant  tendency  to  constipation. 

There  was  no  indrawing  of  either  membrane,  but  the 
faint  rosy  tint  characterisiic  of  some  cases  of  otosclerosis 
was  present.      The  patient  also  suffered  from  paracusis. 

Hinne  :    riglit,     -  u  ;    left,  -  9. 
Whisper;    right,  .\  ins.  ;    left.  5  ins. 
Watch  :    only  on  contact  in  eac  h  ear. 


The  low  notes  wtre  markedly  lost  on  both  cars. 

The  administration  of  iion  gn  atly  improved  the 
general  condition,  and  at  the  end  of  four  months  the 
symptoms  of  aniemia  had  chsappi'  cd.  The  noise  was 
still  present,  and  ditl  not  apjHar  to  have  been  diminished 
to  any  aiipreciabU"  extent,  and  the  hearing  power  was, 
if  anything,  rather  worse,  llie  progress  of  the  deafness 
may  have  been  lessened  in  rapidit\-,  but  it  certainly  was 
not  stopped 

This  was    a  case,   tlien.   in  wliich    the  cure  of    the 
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anamia  did  not  effect  any  improvement  in  regard  to  the 
otosclerosis.     There  are  several  possibK'  explanations  of 
this  result.     First,  there  may  have  been  some  other  un- 
discovered constitutional   condition  which  was  tlu:   ex- 
citing cause  of  the  otosclerosis,  and  which  contmued  to 
act  after  the  anaemia  was  cured.     Second,  the  mherent 
potcntiaUty    towards    otosclerosis,    as    evinced    by    the 
family  tree,  may  have  been  so  comparatively  strong, 
that  when  once  excited  into  activity  by  the  anaemia,  this 
activity  continued  in  spite  of  the  cure  of  the  latter.  Third, 
the  otosclerosis  and  the  anaemia  may  have  been  merely 
coincident  and  not  correlated  in  any  way.     The  last  is 
very  unlikely,  and  the  second  is  probably  the  correct 
solution. 


Cases  in  which   Toxin  Absorption  from  the  Alimentary 
Canal  was  associated  with  Otosclerosis 
Of  all  the  general  conditions  which  I  have  found  associ- 
ated with  otosclerosis,   absorption   of   toxic  substances 
from  the  bowel  is  the  most  common.     It  is.  however, 
difhcult  to  say  to  what  extent  in  a  given  case  the  two 
conditions  stand  in  the  relationship  of  cause  and  effect. 
The  results  of  treatment  indicate  in  many  cases  that  the 
relationship  is  close,  in  others  it  may  or  may  not  be  so. 
Mrs    B.,  a-t.  30.  was  seen  by  me  on  account  of  dulness 
oi  licanng  in  both  ciirs.  of  eight  years'  duration.     She 
sviffcred  from  continuous  noises  in  the  head,  and  para- 
cusis was  present.     Slie  was  also  the  subject  of  frecpient 
headaches,  and  of  a  constant  tendency  to  constipation. 

Watch  :    2  Ins.,  rij^ht  .    ^i  ins,,  left. 
Whisper:    1  ft.,  right,    2  ft.,  left. 
Kinne :    -  12.  right  ;    -  10,  left. 

The  low  notes  weir   lost  below  bi   in  both  eais.     The 
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high  notes  were  heard  perfectly.  Both  membranes  were 
normal,  and  no  rosy  tint  was  present.  Inflation  produced 
no  improvement  either  in  the  hearing  or  m  the  tinnitus. 
Pneumo-massage  caused  diminution  in  the  tinnitus  for  a 
few   moments   only,   and   the   hearing   power  was   not 

increased. 

Parolein  was  presc-  Ibed  in  doses  of  i  drachm,  three 
times  daily,  and  in  the  course  of  a  week  this  was  increased 
to  2  drachms,  three  times  daily.  This  treatment  was 
continued  for  four  months,  and  at  the  end  of  that  time  it 
was  found  that  seven  pounds  had  been  gained  in  weight, 
the  headaches  had  almost  entirely  ceased,  and  there  was 
no  longer  any  necessity  for  the  use  of  any  laxative  exept 
the  parolein  itself.  The  hearing  power  was  now  as 
follows  : 

Watch  :    3  ins.,  right ;    5 J  ins.,  left. 

Whisper:    2  ft.,  right;    5  ft.,  left. 

The  patient  was  advised  to  continue  taking  the  paro- 
lein and  at  the  present  time  th.  hearing  power  is  quite 
as  good  as  at  the  last  note,  and  the  noises  arc  so  insig- 
nificant that  they  cause  httle  or  no  inconvenience.  The 
headaches  no  longer  trouble  her. 

It  is  of  inteiest  to  note  that  this  patient  is  a  sister  of 
Mrs  C  m  whom  the  exciting  cause  of  the  disease 
was  anaemia,  the  cure  of  which  was  also  followed  by 
considerable  improvement.  This  illustrates  in  a  striking 
manner  the  point  in  regard  to  the  etiology  which  I  have 
already  emphasised,  that  tlie  exciting  cause  of  otosclerosis 
is  not  a  specific  one.  The  only  single  factor  which  is 
constant  is  the  innate  tendency  of  the  individual. 

The  next  case  is  reported  in  order  to  g.vc  an  example 
in  which  rather  marked  constipation  wn  pr.-sent,  along 
with  the  otosclerosis,  but  in  which  tlic  rela.  onship  between 
the  two  was  somewhat  doubtful    Fu.  t  ..cr,  a  third  factor. 
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the  rheumatic  tendency,  was  present.  At  any  rate,  the 
reUef  of  the  constipation  was  not  foUowed  by  improve- 
ment. 

J.  McF.,  set.  30,  a  teacher  by  profession,  complamed 
of  dulness'of  hearing  in  both  ears  and  tinnitus  of  about 
nine  years'  duration.  There  was  a  clear  family  tendency 
to  deafness.  There  were  originally  two  members  of  the 
family  of  the  present  generation,  but  of  these  the  patient 
alone  reached  adult  life.  His  mother's  family  consisted 
of  eight  members,  all  of  whom  reached  adult  life  ;  of 
these,  three  began  to  suffer  from  dulness  of  hearing, 
tinnitus  and  paracusis  between  the  ages  of  twenty-five 
and  forty.  Of  the  three,  the  patient's  mother  was  one. 
The  maternal  grandmother  also  began  to  suffer  from  the 
same  symptoms  at  the  age  of  thirty-nine. 

The  natient's  mother  is  rheumatic  and  suffers  from 
constipation.  The  patient  himself  has  not  yet  manifested 
symptoms  of  rheumatism,  but  there  is  a  marked  tendency 
to  constipation,  and.  s)  far  as  the  patient  remembers, 
there  always  has  been.  The  tinnitus  was  noticeably 
worse  if  the  constipation  was  not  relieved. 

Watch  ;   not  heard  at  all,  right ;   not  heard  at  all,  left. 
Whisper  :  2-3  ins.,  right ;  9  ins.,  left. 
Kinne  :    -  8,  right ;    -  10,  left. 

The  hearing  power  for  the  high  notes  was  only  slightly 
lost  in  the  right,  and  not  appreciably  in  the  left.  The  low 
notes  wore  lost  below  ^ii  in  both  ears.  Both  membranes 
were  normal  in  position,  but  the  characteristic  rosy  tint 
was  present  in  both.  The  Eustachian  tubes  vvero  free 
from  any  obstruction,  but  inflation  through  the  cathrcer 
produced  no  improvement  in  hearing  or  in  the  tinnitus. 

The  patient  was  put  on  paralVin  treatment  for  six 
.nonths   which  relieved  the  constipation  and  improved 
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the  general  condition  considerably,  but  it  had  no  effect 

on  the  heari  g. 

In  this  case  there  are  two  possible  explanations  of  the 
failure  of  the  treatment.  The  first  is  that,  although  the 
toxic  absorption  from  the  bowels  was  perhaps  the  exciting 
cause  of  the  otosclerosis,  yet  the  innate  tendency  towards 
the  latter  was  so  strong  that  the  pathological  changes 
in  the  organ  of  hearing  when  once  roused  to  activity  con- 
tinued in  spite  of  the  removal,  to  at  least  a  great  extent, 
of  the  exciting  cause.  The  other  is  that  the  constipation 
was  only  coincidently  present  and  stood  in  no  causative 
relationship  to  the  otosclerosis. 

Rheumatic  manifestations  were  markedly  present  in 
the  mother,  and  it  maybe  that  the  tendency  was  present, 
though  latent,  in  the  son.  and  that  the  otosclerosis  was  the 
first  manifestation  of  its  presence.  It  should  be  added 
that  anti-  rheumatic  treatment  had  been  previously  given 
in  this  case,  both  by  myself  and  by  others,  but  without 
producing  any  improvement.  He  had  also  had  a  course 
of  treatment  by  Rontgen  rays,  applied  to  the  car  and 
adjacent  regions,  but  no  benefit  accrued. 

The  following  case  illustrates  again  the  comparatively 
beneficial  results  which  may  be  obtained  in  these  cases 
of  otosclerosis  associated  with  toxic  absorption  from 
the   alimentary    canal,    especially    if    the   case   is   seen 

early. 

Mr.  G.,  a;t.  39.  Complained  of  deafness  and  noises  m 
the  ears,' the  right  for  ten  months  and  the  left  for  nine 
years.  Of  a  family  of  seven,  the  patient  and  one  sister 
arc  deaf,  and  the  sister's  symptoms  are  similar  to  the 
patient's.  Both  parents  are  alive,  and  hear  well,  and 
there  is  no  known  deafness  among  the  aunts,  uncles,  or 
cousins,  who  an'  (airly  numerous.  There  is  a  tendency, 
though  not  very  marked,  towards  constipation,  and  the 
paticnl  uccasionally  lias  bilious  hcadarlies. 
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Watch  :   right,  only  on  contact ;   left,  not  heard  at  all. 
Whisper :   right,  i  ft. ;   left,  not  heard  at  all. 
Conv.  voice  :  right,  6  yds. ;    left,  i  yd. 
Rinne  :   right,  -  5  ;   left,  -  lo. 
Low  notes  :   right,  several  lost ;    left,  many  lost. 
High  notes  :  right,  aU  heard  ;  left,  lost  to  a  consider- 
able extent. 

The  right  membrane  was  normal,  but  the  left  showed 
the  rosy  tint  characteristic  of  otosclerosis.  Inflation  pro- 
duced no  effect  on  the  left  ear,  and  on  the  right  ear  onb 
a  very  slight  improvement  which  disappeared  in  a  fe'.- 
minutes.  Pneumo-massage  diminished  the  tinnitus,  t  '. 
for  a  period  of  a  few  minutes  only.  A  course  of  blisters 
over  the  mastoid  for  several  weeks  had  no  beneficial 

effect. 

A  course  of  liquid  paraffin  in  doses  of  one  tabkspoonful 
at  bedtime  was  then  ordered.  This  treatment  was  con- 
tinued for  nearly  four  months,  and  at  the  end  ui  that  time 
it  was  found  that  me  improvement  had  occurred  in  the 
right  ear,  but  none  in  the  left,  the  measurements  then 
being  : 

Watch  :   right,  i  in.  ;  left,  not  heard  at  all. 
Whisper  :   right,  2^*- :  1*^^*,  not  heard  at  all. 

The  tinnitus  had  almost  disappeared  from  the  right 
ear,  but  in  the  left  it  was  still  distressing.  The  constipa- 
tion no  longer  troubled  the  patient,  he  had  had  no  more 
biUous  attacks,  and  was  feeUng  better  altogether. 

This  illustrates  the  value  of  treatment  if  the  case  be 
seen  reasonably  early.  Thus,  in  the  right  ear  the  symp- 
toms had  only  been  apparent  for  ten  months,  whereas 
the  left  had  been  affected  for  nine  years.  Considerable 
improvement  occurred  in  the  right  ear,  but  none  in  the 
left. 
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The  above  cases  are  only  a  few  out  of  many  in  which 
there  was  reason  to  suppose  that  the  exciting  factor  in 
the  production  of  otosclerosis  was  toxic  absorption  from 
the  alimentary  tract,  and  which  were  treated  accordmgly, 
and  in  many  cases  with  benefit.  Before  leaving  the 
subject,  however,  since  it  is  new,  I  should  hke  to  make 
some  further  remarks  of  a  more  systematic  nature. 

The  idea  that  toxin  absorption  from  the  alimentary 
canal  was  frequently  related  causatively  to  otosclerosis 
occurred  to  me  five  or  six  years  ago.  The  close  cross- 
examination  of  patients  as  to  their  general  condition  at 
the  time  at  which  the  symptoms  of  otosclerosis  first  made 
their  appearance,  not  the  time  at  which  the  patients  were 
first  seen  by  me,  revealed  the  fact  that  in  a  certain 
proportion,  constipation  or  other  disturbance  in  the 
alimentary  canal  was  present.  Having  gathered  a 
sufficient  number  of  facts  to  give  at  least  some  support 
to  this  hypothesis,  I  proceeded  to  make  an  attempt  to 
help  these  patients  by  treatment. 

The  first  method  was  by  dieting,  and  this  cr.nsistcd 
greatly  in  diminishing,,  or  even  entirely  abolishing  meat  in 
the  diet.  A  few  patients  did  undoubtedly  improve,  but 
the  number  was  small,  owing  no  doubt  in  part  to  the  fact 
that  many  of  those  treated  were  unable  to  give  the 
treatment  a  fair  trial.  In  some  this  was  due  to  a  lack 
of  self-restraint,  in  others  to  domestic  difficulties  in  pro- 
viding a  suitable  vegetarian  dietary  in  the  household, 
and  in  others  it  was  due  to  the  harmful  or  disagreeable 
effects  which  the  diet  had  upon  the  patients  themselves. 
The  next  attempt  in  the  way  of  treatment  was  by  so- 
called  intestinal  antiseptics  (sidol  and  /S  naphthol).  These 
did  not  i)rove  satisfactory,  and  were  given  up. 

I  then  began  the  administration  of  liquid  paraffin. 
The  method  of  administration  of  this  substance  is  so  well 
known  that  it  needs  pracliculiy  no  description.     I  have 
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found  it  bettor  not  to  -ive  the  dr.-':  witliin  an  hour  of  a 
meal,  rithcr  before  or  after.  The  ;nost  >uitable  method 
is  to  give  it  in  one  dose,  usually  a  tiblespoonful  at  bed- 
time, and  if  more  is  required,  a  desstrtspoonful  or  even 
another  tablespoonfvil  may  be  given  in  the  middle  oi  the 
morning  or  of  the  afternoon.  The  dosage  varies  greatly 
with  individuals,  and  should  be  ascertained  in  oach  case 
by  trial.  The  test  is  the  effect  upon  the  bowels,  for  it 
should  render  the  moti  ns  soft  but  not  fluid.  In  some 
patients  the  dose  may  be  less  than  a  tablispoonlul  daily, 
while  in  others  it  must  b.  considerably  augmented. 

Under  no  circumstance  have  I  seen  parolein  do  any 
real  harm  to  a  patient.  Its  worst  eff.  .t  is  the  pr.^duction 
of  flatulence,  and  such  cases  are  uncommon,  and  th>: 
symptom  disappars  when  the  drug  is  stopped.  In  some 
of  th  se  individuals,  however,  the  flatulence  is  so  dis- 
agreeable that  there  is  no  alternative  but  to  give  it  up. 
Other  methods  must  then  be  resorted  to,  but  I  know  of 
none  marly  so  satisfactory  in  dealing  with  the  disordered 
condition  of  the  alimentary  canal.  If  parolein  suits  the 
patient,  it  '-hould  be  administered  for  a  ver  long  tune. 
The  treatment  should  not  be  given  up  for  i:  my  inunths. 
at  least,  and  may  be  continued  indefiniti  Some  of 

my  patients  base  taken  it  for  more  than  a      ar. 

Cases  in  which    ^Hosdii">is  tors    associate' 
Si'ptic  Injtiiion 

Several  cases  of  otos-  ierosi-   have  been 
me   in  which    tlie  individiMi    j.  tentialit 
sclerosis  appeared  to  be  londen-d  lotive  b> 
of  the  to.xins  of  pyogenic  orgainsnis. 

R.  MacC,  ict.  39   complained  of  dulnes.-,   A  '  '-av 
both  eaia  and  noise;-  ;:;  the  h-  .;d  of  a  l!ttl='  n;orc 
years'  duration.     On  ( arefiil  inve  ligation  no  evi 
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hereditary  to  dency  to  dcafi  ■->  wa-  »md  in  ^he  faiuily 
tree  of  « itht  tlie  paternal  iIk  item;  >ide.  The 
patient  liad  Mitfered  !  om  \^vy  di>  ■  ssinf;  ininculosis 
for  three  vear  befor  w:e  ons-  of  the  ear  ai  tion,  and 
wa^  ,till  siiftVri  nt,'  when  he  cont- dted  me.  Dui  ;ig  all  this 
tin  ''  he  sta !  i  lat  he  has  never  been  free  from  at  least  one 
furiinele,  a.-d  frequ-.  itlv  several  were  present  cuincidently. 

Watcli  :    right,  '■    ins.  ;    left,  lo  ins. 
Wli^per  ;    righ; ,  j  yds  ^   left,  3  J  yds. 


Rinis.   ;    rigi. 


10 


'eft. 


Low  notes  :    i-'st  b(.l"\\  uti  in    )oth  ears. 
High  nott    .     .t-ard  will,  but    i  few  at  the  top     f  tiic 
scale    verc-  lo^t. 


Both  memh'ranes  wer^ 
rosy     tint    vva      present 
Kastaciaan  tiilM-    ,vrre 
inip^V'-n    at 
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in,.!'  ung    the    •-' 
-ion     '    blisters   v 
Sn.    ■mg  was  gr 
Ik'  aiit  wa-  gr 
"hs  the  patien 
ment  s)  far 
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.'rnt.     There   u 
ion,  but  thi     1  .^ 
course  '  '" 

direct  t 
localh' 

mastoid  -^ 

forbidden      11     nutt  in 
At  the  .      i    'l  fourn. 
bat  the.     Aas  no  inipi' 
concerm         The  dulne>-    ■vas  not  pen 
was  no  better    and  the  1  anilu  the 

Shortly  aftei  wards  tin  patien  on  the  advice  of  liis 
family  medical  .idviser,  submitted  liimself  to  a  course  of 
vaccine  treatment  for  the  furuncul-sis.  The  case  proved 
to  be  one  of  the  f-  rtunate  ones  in  v  leh  \accine  tr4>atment 
proved  very  sat  I  ctory.  Inthecnn  .1  a  few  months 
he  was  quite  fr(  om  furunculosis,  ana  he  has  remained 
so  since.  As  rcf;.-  ds  the  ears,  tlie  hearing  has  become  no 
worse  during  the  last  two  years,  and  although  the  tests 
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show  no  actual  improvement,  the  patient  thinks  the 
hearing  is  a  httle  more  acute  than  it  used  to  be.  The 
tinnitus  gradually  diminished,  and  within  six  or  eight 
months  after  the  cure  of  the  furunculosis  it  was  so  in- 
significant as  to  give  him  no  trouble  at  all,  whereas 
formerly  it  had  been  intensely  irritating. 

Miss  H.,  ffit.  41,  complained  of  deafness  in  the  left  ear 
of  sixteen  years'  duratio.    and  tinnitus  of  more  than  two 
years',  and  of  deafness  in  the  right  ear  of  three  years' 
duration.     The  left  car,  according  to  the  history  of  the 
case,  became  affected  as  the  result  of  acute  middle  ear 
inflammation.     The  right  began  to  be  affected  three  years 
ago,  a  few  months  subsequent  to  an  attack  of  appendi- 
citis.    The   deafness  gradually  became  worse  and  the 
patient  was  treated  by  several  aurists  without  obtaining 
any  benefit.     During  this  time  she  had  several  sight 
transient  attacks  of  pain  in  the  right  ihac  region,  which 
were  diagnosed  as  due  to  appendicitis.     A  year  later  she 
suffered  from  another  attack  of  appendicitis  which  was 
more  severe  than  the  first,  and  six  months  afterwards  a 
third  attack  supervened  which  was  so  serious  as  to  neces- 
sitate   immediate    operation.     She    made    an    excellent 
recovery,  and  has  remained  free  from  abdominal  trouble 
since.     About  three  or  four  montlis  after  the  operation 
the  patient  noticed  that  the  tinnitus  has  disappeared 
and  that  tli.  deafness  was  no  longer  progressing,  rather 
if   anything   improving.     Neither   she   nor  her  medical 
attendant  associated  the  disappearance  of  the  tinnitus 
und  cessation  of  the  progress  of  the  deafness  with  the 
cure  of  the  abdominal  trouble. 

The  case  was  undoubtedly  one  of  otosclerosis,  as  (apart 
even  from  the  family  history)  the  following  table  hhows  : 


Watch :    right,  not    heard    even    on    contact  ;    left, 
not  heard  even  on  contact. 
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Whisper  :   right,  2  yds.  ;   left,  6  ins. 

Conv.  voice  :   right,  5  yds. ;    left,  i  yd. 

Rinne  :   right,  -  10  ;    left,  -  15. 

Schwabach  :    right,  +  8  ;    left,  +  9. 

High  notes :    right,  normal ;    left,  a  fair   number  of 

notes  lo?t. 
Low  notes  :    right,  lost  below  fai  ;    left,  lost  below  sij. 
Weber :   to  left. 

Both  membranes  were  normal  in  position,  and  no 
atrophy  or  thickening  was  present.  The  rosy  tint 
characteristic  of  otosclerosis  was  notably  pronounced. 
No  improvement  resulted  from  inflation,  and  the  Eusta- 
chian tubes  were  both  freely  permeable. 

In  both  these  cases,  therefore,  there  arc  reasonable 
grounds  for  the  beUef  that  septic  absorption  was  the 
exciting  cause  of  the  otosclerosis.  In  both,  the  symptoms 
first  made  their  appearance  shortly  after  septic  absorp- 
tion became  established,  and  in  both  tlie  tinnitus  dis- 
appeared and  the  deafness  ceased  to  progress  when  the 
source  c  f  the  absorption  was  removed. 

In  some  casc-i  I  h.ive  a  strong  suspicion  that  toxic 
absorption  from  a  tubercular  focus  is  ocr 'sionally  die 
exciting  cause  of  otosclerosis.  Two  of  the  cases  reported 
at  length  in  the  section  on  the  pathology  of  otosclerosis 
were  the  subjects  of  phthisis  pulnionalis,  and  the  post- 
mortem examination  confirmed  the  diagnosis.  The  car 
affection  in  both  cases  had  set  in  some  time  after  the 
lungs  were  diseased,  but  in  neith(>r  of  these  was  the 
tubercular  focus  removable.  Hence,  there  is  no  evidence 
as  to  the  relationship  of  causf  and  effect  to  be  derived  from 
the  results  of.  treatment,  a-i  in  those  otlur  cases  just 
reported  in  which  the  toxic  absorption  from  the  bowel 
or  from  septic  foci  was  amenable  to  treatment. 

The  tiuestion   as   to  whether    syphihs,   congenital  or 
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acquired,  is  a  common  exciting  cause  of  otosclerosis  is 
not  easy  to  answer.     My  own  experience  is  that  there  is 
remarkably  little  evidence  in  support  of  a  positive  answer 
to  this  question.     To  a  certain  extent  the  negative  results 
of  anti-syphilitic  treatment  also  point  in  the  same  direc- 
tion.    Further,  the  results  obtained  from  the  Wasser- 
mann  test  do  not  indicate  any  causative  relationship 
between   syphilis  and  otosclerosis.     Naturally,   syphihs 
is  occasionally  present  in  the  subject  of  otosclerosis,  but 
the  proportion  does  not  appear  to  be  perceptibly  above 
that  which  might  be  found  in  a  random  sample  o.  indi- 
viduals.     It  is,  however,  quite  possible  that  the  syphilitic 
virus  may  occasionally  excite  otosclerosis  in  '.hose  m 
whom  the  potentiality  is  i-arkedly  present.     Different 
toxins  it  has  been  shown,  may  do  this,  and  it  is  difficult 
to  sec  why  the  syphilitic  poison  should  be  an  exception. 
Clinically,  however,  as  aurists  know  well,  the  syphihtic 
poison,  when  it  affects  the  hearing,  does  so  in  other  ways 
than  by  the  production  of  otosclerosis     As  stated  above, 
I  must  admit   that   I  have  never  known  anti-syphilitic 
treatment  to  improve  a  case  of  otosclerosis,  and  that.  too. 
even  in  th.se  who  were  victims  of  •   ..sclerosis  and  syphilis 
coincidently. 

From  what  has  gone  befoio  the  reader  will  have  no 
difficulty  in  understanding  that  in  dealing  with  oto- 
sclerosis he  is  confronted  with  one  of  the  most  dithcult 
and  obscure  problnns  in  medical  science.  Probably  it 
is  this  obscurity  which  giv.s  to  the  problem  its  fascinatuv^ 
interest.  It  makes  a  call  a*  onre  upon  the  highest  mtel- 
lectual  faculties  and  upon  deep  Imman  sympathies  The 
reaction  of  the  disease  upon  the  charu.ttr  and  habits  of 
the  patient  is  a  study  in  itself.  In  some  individuals  the 
increasing  deafness  seems  to  develop  what  is  best  in 
the  character.     Shallow  and  fiivlous  interests  may  be 
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gradually  replaced  by  more  serious  and  worthy  activities. 
Unfortunately  in  some  victims  the  effect  of  the  disease 
upon  the  character  is  not  beneficial.  Despondency  and 
complaining  replace  cheerfulness  and  healthy  interests. 
If  the  physician  is  of  a  sympathetic  nature,  and  is  pos- 
sessed of  sufficient  personality  and  gifts,  he  may  have  a 
considerable  influence  in  calling  out  the  better  and  re- 
pressing the  less  worthy  qualities  which  may  make  their 
appearance   under  the  new  environment  of  mcreasmg 

deaintss. 

If  treatment  fails  to  arrest  the  progress  ot  the  disease, 
a  time  comes  sooner  or  later  when  the  patient  may  require 
to  use  an  aid  to  hearing  or  to  learn  Up-reading.     In 
respect  to  both  of  these,  enthusiasts  have  unwittingly 
done  considerable  harm.     Some  seem  to  be  of  opinion 
that  these  helps  are  so  satisfactory  that  they  do  not  take 
the  trouble  to  make  sure  that  nothing  can  be  done  m  the 
way  cither  of  improving  the  hearing  or  arresting  the 
progress  of  the  disease.    More  than  once  I  have  been 
consulted   by  patients  who  had  been  recommended  to 
learn  Hp-reading.   when   as  a   result   of  treatment   the 
hearing  improved  to  an  extent  sufficient  that  there  was 
no  need  for  these  adventitious  methods. 

There  are.  however,  not  a  few  cases  in  which  cither 
lip-reading  or  an  aid  to  hearing  is  required. 

The  great  drawback  (<>  the  former  is  the  fact  that  it 
is  only  of  use  for  one  purpose,  tin  understanding  of  the 
human  voice,  and  even  then  only  under  the  special  condi- 
tion of  direct  %isuul  observation.  It  has  the  one  advant- 
age that  no  bulky  instrument  is  reciuired.  The  value  of 
lip-reading  is  considerably  exaggerated  by  its  advocates, 
especially  in  these  days  when  great  improvements  are 
being  made  in  the  maniifacture  of  instruments  to  aid  the 

deaf.  ,  . 

One  of  the  drawbacks  to  the  use  of  the  various  forms  of 
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electrophones  is  the  presence  of  adventitious  clanging 
and  jarring  sounds.  But  it  may  be  hoped  that  m  the  not 
distant  future  this  defect   viU  be  remedied. 

Prophylaxis.-  Closely  associated  with  the  treatment 
of  otosclerosis  is  the  question  of  prophylaxis.  There  is 
no  need  to  say  much  in  regard  to  this,  however,  for  tne 
means  to  be  taken  to  prevent  the  onset  of  the  disease  are 
practically  the  same  as  those  employed  in  treatment,  and 
can  be  inferred  from  what  has  been  said  in  respect  to  the 
latter  At  the  same  time  it  would  be  ridiculous  for 
the  ordinary  individual  to  arrange  his  way  of  Ufe  with 
the  supreme  object  of  preventing  a  disease  which  he  will 
very  probably  never  have,  and  even  never  could  have  ; 
for  as  has  been  shown,  it  is  apparently  only  certain 
individuals  who  have  an  innate  potentiaUty  sufficiently 
pronounced  to  favour  the  onset  of  the  disease. 

But  when  we  come  to  deal  with  individuals  m  whom 
the  potentiality  is  probably  marked,  as  judged  by  the 
evidence  of  otosclerosis  in  other  members  of  the  family, 
or  m  the  parents  or  ancestors,  the  matter  is  different.  It 
now  becomes  the  duty  of  the  physician  to  warn  the  other 
members  of  the  family,  should  they  consult  lum.  con- 
cerning the  tendency  to  otosclerosis,  and  to  advise  them  as 
to  the  best  way  of  living.  The  individuals  may  or  may 
„„t  follow  his  advice,  but  at  any  rate  the  physician  has 
discharged  his  duty  towards  them. 

With  regard  to  exercise,  there  is  no  doubt  that  very 
prolonged  and  violent  muscular  effort  cu.nstantly  repeated 
is  liable  to  call  into  activity  the  potcntiahty  to  otosclerosis^ 
Football,  for  example,  however  valuable  and  healthful 
to  the  ordinary  individual,  is  inadvisable  for  those  who 
have  an  inherited  tendency  to  the  disease.  Hockey 
cmes  under  the  same  category,  and  both  sexes  must  be 
warned  against  it.  Long-distance  racing  and  competi- 
tive rowing,  as  practised  at  the  universities,  are  also  likely 
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to  do  hann.    Tennis  and  crickei  are  not  likely  to  be 
attended  with  much  risk,  nor  is  golf. 

In  choosing  a  business  or  profession,  the  individuals 
of  a  family  in  which  there  is  any  tendency  to  otosclerosis 
should  be  careful.  In  the  first  place,  the  caUing  should  be 
such  that,  should  deafness  occur  later  in  life,  it  would  not 
be  fatal  to  the  pursuar:e  of  the  calling.  I  have  known 
cases  among  barristers,  medical  men.  and  stockbrokers 
in  which  disastfer  followed  because  this  point  was  not 
taken  into  consideration.  In  another  case  the  father  of 
a  young  man  put  him  into  the  stockbroking  profession 
against  my  advice,  his  mother  and  several  of  her  brothers 
and  sisters  being  subjects  of  otosclerosis.  He  had  to  give 
up  his  profession  three  years  later,  owing  to  commencing 

deafness. 

In  the  second  place,  the  profession  chojcn  should  be  such 
that  overwork  and  worry  are  as  far  as  possible  avoided  ; 
the  same  must  be  said  with  regard  to  callings  which  entail 
much  exposure  to  cold. 

The  question  of  the  marriage  of  those  who  suffer  from 
otosclerosis  has  already  been  discussed  by  me.'  The 
aurist  is  not  consulted  so  frequently  as  might  be  expected 
on  this  question  :  a  little  consideration  will  show  why 
this  is  so.  One  reason  is  that  in  an  individual  who  is  the 
subject  of  otosclerosis,  the  existence  of  deafness  diminishes 
his  or  her  chances  of  marriage. 

Should  the  aurist  be  consulted  about  the  matter,  he 
must  judge  each  case  on  its  individiial  merits,  and  I  can- 
not help  thinking  that  the  routine  advice  to  forbid  marriage 
to  all  these  patients  is  imJ>sirable.  As  a  matter  of 
experience,  many  marriages  of  this  nature  prove  extrei  lely 
happy  if  the  parties  are  of  suitable  temperaments. 

The  question  of  child-bearing  is  sometimes  brought 
before  the  aurist ;  and  here  also  he  must  take   a  wide 

«  Distasts  of  fhe  Eat,  p.  3»5  (Baillierc,  Tindall  &  -^'n^) 
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view  of  the  matter.  His  answer,  to  a  large  extent  must 
depend  upon  his  opinion  as  to  the  effect  of  child-birth 
upon  the  mother  in  the  first  place;  and  the  extent  o 
which  he  fears  the  occurrence  of  otosclerosis  in  the  child 

in  the  second.  ,  , .   ,        j  .1 

There  is.  of  course,  no  doubt  that  child-birth  and  the 
puerpcrium  have  a  deleterious  effect  upon  otosdeiosis 
fn  many  cases,  and  it  is  certainly  the  physician  s  duty  to 
warn  the  woman  of  this  fact.  I  venture  to  think  that 
his  duty  ends  there.  So  far  as  her  own  hearing  is 
concerned,  the  patient  is  the  right  one  to  judge  whether 
she  fears  more  an  increase  in  her  deafness  or  a  childless 

^Finally   there  sometimes  falls  upon  the  physician  the 
duty  of  answering  the  question  :    Is  the  victim  of  oto- 
sclerosis justified  in  having  children  ?     To  answer  the 
question  satisfactorily  is  usually  difficult,  but   in  rare 
cases  e  isv      Unfortunately  there  is  no  law  of  inheritance, 
as  yet  discovered,  which  affords  much  help  in  the  matter 
Mendel's  law  may  be  true  or  not,  but  the  inheritance  o 
otosclerosis,  so  far  as  my  own  investigations  go  does  not 
seem  to  fall  within  its  sa.pe.     At  any  rate,  whether  the 
anatomical  change  characteristic  of  otosclerosis  be  con- 
sidered dominant  or  recessive,  th.  offspring  of  those  who 
manifest  the  defect  do  not  present  it  in  any  constant 
numerical  ratio.     Of  course,  in   the   human  subject   we 
are  net    dealing    with    pure    strains,    and  perhaps    his 
accounts,  in  part,  for  the  fact  that  Mende  s  law  does 
not  come    into  evidence.      There    is    also    the     fuither 
difficulty  that  the  law  does  not  take  account  of  environ- 
ment •  and  it  has  be  n  shown  (see  section  on  Heredity) 
that  this  is  of  considerable  importance,  evin  in  cases  m 
which  there  is  a  marked  tendency  to  the  inhentance  of 

otosclerosis.  . ,    . 

The  most  important  factor  which  will  act  as  a  guide  in 
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giving  advice  to  a  sufferer  from  otosclerosis,  as  to  whether 
he  or  she  should  have  children,  is  the  information  derived 
from  the  genealogical  trees.    The  worst  prospect  is  where 
husband  and  wife  both  come  of  stocks  in  which  oto- 
sclerosis  is   found.    This    is    true    even   where    either 
husband  or  wife  is  unaffected  by  deafness  ;  and,  what  is 
still  more  remarkable,  when  even  both  are  unaffected. 
In  the  latter  case,  it  is  very  improbable  that  the  physician 
will  be  consulted ;  and   if  he  were,  his  advice  not  to 
have  children  would  probably  be  disregarded.      For  it 
would  be  difficult  to  persuade  either  husband  or  wife, 
when  both  VN  ere  unaffected  by  deafness,  that  there  was 
any  great  risk  of  the  symptoms  occurring  in  the  children. 
The  condition  next  in  importance  is  when  the  wife  is 
herself  the  subject  of  otosclerosis,  and  at  the  same  time 
comes  of  a  family  in  which  there  is  a  marked  tendency  to 
the  disease.     Under  such  circumstances  there    is  con- 
siderable  probabiUty   that   some   of  the   offspring  will 
become  deaf,  but  a  still  greater  probabiUty  that  most  of 
them  will  escape. 

When  the  husband  is  deaf,  and  comes  of  a  family  with 
a  clear  inherited  tendency  to  the  disease,  the  conditions 
are  rather  more  favourable,  the  chance  of  otosclerosis 
appearing  among  the  offspring  being  slightly  less. 

Lastly,  when  otosclerosis  is  present  in  either  husband 
or  wife,  but  there  is  no  other  evidence  of  tlir  disiase  in 
either  family  discoverable  over  three  generations,  then 
the  probabiUty  of  the  offspring  being  affected  is  slight. 
In  these  cases  I  think  it  is  always  wise  to  advise  the 
individuals  to  accept  the  risk. 
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